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FOREWORD 


SUGARBEET  RESEARCH  is  an  annual  compilation  of  the  research 
accomplishments  by  staff  members  of  Sugarbeet  Investigations  and 
Cooperators.  The  data  in  most  of  the  progress  reports  are  later 
used  in  the  preparation  of  comprehensive  manuscripts  for  technical 
publications . 

The  Report  presents  results  of  investigations  strengthened 
by  contributions  received  under  Cooperative  Agreements  between 
Crops  Research  Division,  Agricultural  Research  Service,  U.S. 
Department  of  Agriculture,  and  the  Beet  Sugar  Development  Founda¬ 
tion;  the  Farmers  and  Manufacturers  Beet  Sugar  Association;  and 
Union  Sugar  Division,  Consolidated  Foods  Corporation. 

At  Salinas,  California,  research  is  further  strengthened 
through  contributions  from  the  California  Beet  Growers  Association, 
Ltd. 

TRADE  NAMES  occur  in  this  report  solely  to  provide  specific 
information  and  do  not  signify  endorsement  by  the  U.S.  Department 
of  Agriculture. 
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HIGHLIGHTS  OF  ACCOMPLISHMENTS 

A.  Breeding  and  Genetics 


Yellows  Resistance. — Two  items  of  breeder  seed  (C413  and  C4742) ,  which 
are  resistant  to  viruses  inducing  yellows  of  sugarbeet,  were  made  avail¬ 
able  to  cooperators  for  seed  increase  and  utilization  in  their  breeding 
programs  (p.8).  C413  was  derived  from  US  75  by  McFarlane  and  associates 

through  5  successive  generations  of  selecting  for  yellows  resistance. 

Under  severe  yellows  exposure,  the  damage  was  about  half  of  that  suffered 
by  the  parental  variety  US  75  (p.18).  In  field  trials  by  McFarlane,  Skoyen, 
and  Hecker,  experimental  monogerm  hybrids  in  which  C413  was  pollen  parent 
were  good  in  beet  yield,  sucrose  percentage,  and  resistance  to  curly  top 
and  bolting  (p.61).  At  Davis,  Calif,  (p.306,  1964  Report),  C4742  ranked 
first  in  tolerance  to  yellows  in  a  field  trial  of  17  inbred  lines.  It  has 
only  fair  resistance  to  curly  top  and  bolting.  C4742  was  selected  from 
hybridization  of  NB1  and  IRS-55M14. 

IRS  Lines . --IRS-55M14  and  49  other  IRS  lines  of  sugarbeet  breeding  material 
developed  in  virus  yellows  research  at  the  Instituut  voor  Rationele  Suiker- 
productie,  Bergen  op  Zoom,  Netherlands,  were  generously  made  available  (1955) 
for  use  of  Sugarbeet  Investigations  by  Dr.  Henk  Rietberg,  Director  of  the 
Institute.  In  his  letter  of  January  7,  1966,  Dr.  Rietberg  stated:  "We  have 
decided  to  donate  to  Sugarbeet  Investigations  all  breeding  material  available 
at  their  stations  that  has  its  origin  from  the  Instituut  voor  Rationele 
Suikerproductie  at  Bergen  op  Zoom.  Such  under  the  condition  USDA  will  list 
this  material  as  a  normal  release  to  the  Beet  Sugar  Development  Foundation 
and  that  it  will  be  subsequently  utilized  in  the  manner  that  is  normal  for 
releases  by  the  USDA."  C4742  derived  its  yellows  resistance  from  IRS-55M14. 

Vulgaris-Pate 1 laris  Hybrids. — Helen  Savitsky  reports  continuing  progress 
in  the  production  of  F2 ,  b-^,  and  b2  generations  from  the  F-^  of  sugarbeet 
X  viny  species  of  Beta  (Section  Patellares) .  The  transfer  of  genetic 
factors  conditioning  extreme  resistance  to  the  cyst  nematode  in  the  viny 
species  is  emphasized  in  the  research.  Approximately  1,800  plants  of  F2, 
b]_,  and  b2  progeny  were  inoculated  with  viable  cysts  of  Heterodera  schacht ii . 
Those  that  did  not  show  signs  of  infection  were  reinoculated.  In  one  F2 
progeny,  12  plants  showed  unusual  resis tance--6  remained  free  of  encysted 
nematodes  after  the  third  inoculation.  These  plants  have  a  peculiar  pheno¬ 
type.  Helen  Savitsky  found  fundamental  differences  in  the  structure  of 
inflorescences  of  monogerm  sugarbeet  and  Beta  patellaris  which  preclude 
this  wild  species  as  another  source  of  the  monogerm  seed  character  (p.92). 

Vulgaris-Corol linae  Hybrids . --A  higher  level  of  resistance  to  the  curly 
top  virus  resides  in  species  of  the  Section  Corollinae  than  in  cultivars 
of  Beta  vulgaris .  The  late  V.  F.  Savitsky  obtained  hybridization  of 
sugarbeet  (4n)  and  B.  corol lif lora  (n  =  18) .  Bennett  inoculated  plants  of 
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b i  progeny  with  a  virulent  strain  of  curly  top  virus  (p.  99).  Thirty- two 
plants  did  not  develop  observable  symptoms  of  infection,  and  29  of  these 
remained  symptomless  after  reinoculation.  The  resistant  segregants  and 
the  susceptible  segregants  in  the  b^  progeny  were  examined  cytological ly 
by  Helen  Savitsky  and,  as  expected,  proved  to  be  triploid  or  aneuploid 
(p.  98).  The  majority  of  the  plants  in  the  group  highly  resistant  to 
curly  top  had  27  chromosomes;  however,  there  were  3  with  26,  2  with  28, 
and  1  with  24  chromosomes.  The  b-^  progeny  resembled  B.  corollif lora. 

The  plants  were  male  sterile,  but  the  majority  of  them  produced  some  seed 
when  pollinated  by  diploid  sugarbeet. 

Male  Sterility. — Genetic  studies  by  Theurer  and  Ottley  (p.  125)  failed 
to  provide  a  satisfactory  explanation  for  the  partial  pollen  fertility 
frequently  encountered  when  utilizing  cytoplasmic  male  sterility  of 
sugarbeet.  F.  V.  Owen  recognized  the  advantages  of  broadbase  hybrids; 
and  the  lack  of  a  pollen  restoring  line  lead  him  to  propose  the  use  of 
both  cytoplasmic  (CMS)  and  Mendelian  ( aa)  sterility  as  a  means  of  produc¬ 
ing  double  crosses.  Theurer  found  several  pollen-fertile  lines  that  fully 
restore  pollen  production  in  the  offspring  when  used  as  pollinators  of 
male-sterile  lines  (p.  132).  He  diagramed  a  scheme  for  the  use  of  type  0, 
CMS,  and  restorer  lines  in  the  production  of  double  cross  hybrid  seed 
(p.  133). 

Graft  Unions . —Seedling  grafts  in  tests  by  Hecker  (p.  269)  did  not  result 
in  transmission  of  cytoplasmic  factors  conditioning  pollen  production. 

The  selfed  and  hybrid  progenies  of  the  scions  supplied  no  evidence  of 
transmission,  through  the  graft,  of  factors  determining  pollen  sterility 
or  fertility.  Theurer  and  Ottley  are  continuing  investigations  on  the 
possibility  that  cytoplasmic  factors  in  certain  parentage  may  segregate 
in  generations  following  grafting  (p.  131).  Smith  reports  marked  devia¬ 
tions  from  the  phenotypes  expected  in  ?2  and  b^  progeny  involving  the 
a  gene  conditioning  pollen  sterility  in  the  sugarbeet  (p.145). 

Population  Genetics  Pertaining  to  Sugarbeet  Breeding. — From  the  evalua¬ 
tion  of  several  sugarbeet  breeding  methods,  Hecker  (p.283)  concluded 
that  recurrent  or  recurrent  reciprocal  selection  provides  the  best  method 
of  improvement  in  sucrose  percentage  and  also  offers  the  most  promise  for 
advancement  in  beet  vreight.  Improvement  should  be  possible  with  various 
mass  selection  schemes,  although  theoretically  they  are  less  effective. 

The  need  for  large  populations  in  a  breeding  program  is  emphasized  by  the 
determination  that  only  2  plants  in  10,000  in  the  population  under  study 
were  expected  (with  a  probability  greater  than  0.999)  to  be  genetically 
superior  in  both  sucrose  percentage  and  beet  weight.  The  isolation  and 
crossing  of  genetically  superior  individuals  for  salient  characteristics 
should  result  in  populations  where  recurrent  or  recurrent  reciprocal 
selection  could  be  effectively  practiced  and  inbreeding  should  provide 
parental  lines  for  the  production  of  superior  hybrids. 
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Computer  Calculations. — Mil liken  (p.  273)  developed  a  computer  procedure 
for  the  calculation  of  coefficient  of  thin  juice  purity.  Where  computer 
service  is  available,  the  procedure  can  result  in  a  saving  of  time  and 
reduce  the  likelihood  of  errors.  Computer  services  are  used  in  statis¬ 
tical  analyses  of  data  obtained  in  variety  trials  by  Ryser  (p.  148), 
Hogaboam  (p.  330),  and  Hecker  et  al.  (p.  241). 


B.  Variety  and  Quality  Evaluation 

Monogerm  Hybrids . --Performances  of  experimental  monogerm  hybrids  (monogerm 
male  sterile  X  multigerm  pollinator)  show  continuous  improvement  over 
standard  multigerm  varieties.  Of  special  interest  are  the  3-way  hybrid 
(562  X  569)  X  C413,  which  manifests  yellows  resistance  acquired  from  the 
pollinator,  C413,  and  the  3-way  hybrid  FC  (502/2  X  504) MX  X  FC  901,  which 
is  resistant  to  both  leaf  spot  and  curly  top.  The  facility  with  which 
hybrids  can  be  modified  through  choice  of  parental  components  has  enabled 
the  breeder  to  produce  monogerm  varieties  to  meet  regional  requirements. 

In  1965,  the  national  sugarbeet  seed  crop  was  99.3%  monogerm  (p.  14). 

This  noteworthy  achievement  of  providing  the  American  sugarbeet  growers 
with  adapted  monogerm  seed,  which  facilitates  mechanization  of  field 
practices,  was  brought  about  through  cooperative  efforts  of  Federal  and 
sugar  industry  scientists. 

Variety  Trials  in  the  Great  Lakes  Region. — Regional  evaluations  of  hybrid 
varieties  have  been  continued  by  Hogaboam,  Coe,  and  Mumford  (p.  330)  in 
cooperation  with  the  research  staff  and  company  members  of  Farmers  and 
Manufacturers  Beet  Sugar  Association.  In  acreable  yield  of  beets,  hybrid 
SL(129  X  133) MS  X  SP  6322-0  ranked  first  among  the  entries;  but  it  was  not 
significantly  superior  to  (SP  6121  X  EL31)MS  X  SP  6322-0,  which  had  the 
same  pollinator.  This  multigerm  pollinator,  SP  6322-0,  produced  a  more 
productive  hybrid  with  a  male-sterile  mor.ogerm  F^  than  did  SP  5822-0. 

Hybrid  (SP  6121  X  EL31)MS  X  SP  6322-0  was  generally  the  best  in  quality 
as  measured  by  calculated  pounds  of  recoverable  sucrose  per  ton  of  roots. 

It  ranked  second  in  acreable  yield  of  recoverable  sucrose.  Forty  experi¬ 
mental  hybrids  were  evaluated  for  leaf  spot  resistance  in  three  geograph¬ 
ical  areas.  The  hybrid  with  best  leaf  spot  resistance  was  not  the  same 
for  each  location;  therefore,  varietal  evaluations  for  leaf  spot  resistance 
should  be  made  in  areas  of  intended  use. 

Polyploidy. — Several  diploid  lines,  which  are  important  parents  of  hybrid 
varieties,  were  made  autotetraploid  by  Hammond  (p.  53)  and  H.  Savitsky 
(p.  90).  In  cooperative  field  trials  by  McFarlane,  Skoyen,  and  Beatty 
(pp.  26,43),  experimental  polyploid  hybrids  involving  Hammond's  tetra- 
ploid  lines  have  not  demonstrated  performances  superior  to  those  of 
related  diploid  hybrids.  Poor  quality  of  seed,  probably  due  to  ineffec¬ 
tiveness  of  tetraploids  as  pollinators,  is  a  depreciating  characteristic 
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of  the  polyploid  hybrids  (pp.  17,90).  The  ease  with  which  the  sugarbeet 
can  be  autotetraploidized  with  colchicine  has  facilitated  programs  of 
breeding.  For  example,  Hammond  established  a  homozygous  diploid  line 
from  a  haploid  sugarbeet  (pp.  8,58);  and  H.  Savitsky  (p.  91)  and  V.  F. 
Savitsky  (p.  98)  used  tetraploid  sugarbeet  in  the  production  of  fertile 
interspecific  hybrids. 


C.  Diseases  and  Their  Control 


Yellows  Resistance. — Infection  by  the  yellows  viruses  usually  results 
in  yellowing  of  leaves;  the  degree  of  yellowing,  however,  is  not  a 
reliable  indication  of  the  extent  of  damage.  The  reduction  in  produc¬ 
tivity  caused  by  virus  infection  is  therefore  used  to  appraise  resistance. 
When  a  split-plot  design  is  used,  the  plants  in  half  of  a  plot  are  inocu¬ 
lated  with  the  virus;  and  plants  in  the  other  half  are  kept  as  free  as 
possible  from  infection  through  control  of  the  vector  (Myzus  persicae) . 
Extensive  field  tests  at  Davis,  Cal if . ,  by  McFarlane,  Skoyen,  and  Hecker, 
show  continuing  progress  in  the  development  of  resistant  lines  (p.  61). 

Fife  (p.  75)  indicated  that  selections  for  yellows  resistance  can  be  made 
on  the  ratio  of  amino  acid  concentration  in  infected  leaves.  Hecker 
(p.  69)  did  not  establish  that  the  condition  of  the  chloroplast  in  yellows 
infected  plants  could  be  used  as  a  criterion  of  resistance. 

Leaf  Spot-Curly  Top  Resistance. — Extensive  regional  trials  of  experimental 
hybrids  and  commercial  varieties,  by  Gaskill  et  al.  (p.  173),  demonstrated 
the  excellent  performance  of  the  male-sterile  monogerm  F-^,  FC  (502/2  X 
504) MS,  as  female  in  hybridizations  with  complementary  pollinators.  This 
F-^  is  resistant  to  leaf  spot  but  susceptible  to  curly  top.  The  best  hybrid 
performances  were  obtained  when  FC  901,  multigerm,  which  is  excellent  in 
curly  top  resistance  (Fig.  1,  p.229)  and  moderate  in  leaf  spot  resistance, 
was  used  as  pollinator.  In  cooperative  tests  at  13  locations  in  9  States, 
the  average  percentage  and  gross  yield  of  sucrose  for  FC  (502/2  X  504) MS  X 
FC  901,  expressed  as  percent  of  the  corresponding  averages  of  the  standard 
variety,  were  102.5  and  108.4,  respectively.  Under  severe  leaf  spot  expo¬ 
sure  at  Fort  Collins,  Colo.,  this  hybrid  exceeded  the  local  check  by  8.9% 
in  acreable  yield  of  gross  sucrose.  Observational  tests  revealed  that 
several  of  Gaskill' s  new  type  0  or  near  type  0  monogerm  lines  carry 
resistance  to  both  leaf  spot  and  curly  top. 

Curly  Top  Resistance. — Although  the  curly  top  virus  and  its  vector, 
Circulifer  tenellus ,  abound  in  the  Rocky  Mountain  and  West  Coast  regions, 
the  use  of  resistant  varieties  prevents  severe  damage  to  the  sugarbeet 
crop  in  these  regions.  The  occurrence  of  more  virulent  strains  of  the 
virus  requires  constant  vigilance  and  continual  evaluation  of  breeding 
material.  The  field  procedures  developed  by  A.  M.  Murphy  for  curly  top 
intensification  consist  of  intercalating  infected  plants  in  the  experi¬ 
mental  plots  as  a  source  of  primary  inoculum  and  as  food  for  the  vectors 
that  immigrate  into  the  field.  Numerous  entries  of  breeding  material, 
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especially  new  monogerm  lines,  are  evaluated  annually  for  curly  top  resist 
ance  by  Murphy  (p.  102)  in  tests  at  Thatcher,  Utah.  According  to  research 
of  Schneider  and  Murphy  (pp.  109,166),  preliminary  screening  for  curly  top 
resistance  can  be  conducted  effectively  in  the  greenhouse. 

Nematode  Resistance. — Whitney  and  Doney  (p.  83)  have  further  evaluated 
the  sugarbeet  breeding  material  developed  by  Charles  Price,  who  had  selec¬ 
ted  from  populations  grown  under  exposure  to  a  disease  complex  induced 
by  soil  inoculum  containing  viable  cysts  of  the  nematode  (Heterodera 
schacht ii)  and  other  soil  pathogens.  Twenty-eight  items  were  evaluated 
in  soil  heavily  infested  with  the  nematode  and  fungous  pathogens.  About 
three-fourths  of  the  selections  outyielded  US  41,  the  commercial  standard 
used  by  Price;  six  outyielded  US  75  which  gave  better  performance  than 
US  41  in  this  test.  A  correlation  of  r  =  .92  was  obtained  between  beet 
yield  and  nematode  cyst  populations,  and  a  correlation  of  r  =  .72  was 
obtained  between  beet  yield  and  the  number  of  sugarbeet  plants  that  died 
between  singling  and  harvest.  The  nematode  is  thought  to  be  a  predis¬ 
posing  factor  to  attack  by  other  pathogens  and  not  wholly  responsible  for 
the  death  of  plants. 

Rhizoctonia  Res  is t ance . --Gaskil 1  used  his  rosette  method  of  inoculating 
populations  of  sugarbeet  with  Rhizoctonia  solani  in  an  effective  program 
of  screening  and  selecting  for  resistance  to  the  pathogen.  The  establish¬ 
ment  of  a  principle  and  a  procedure  for  breeding  sugarbeet  for  resistance 
to  this  ubiquitous  pathogen  is  a  significant  accomplishment.  Gaskill  has 
shown  that  breeding  for  Rhizoctonia  resistance  is  feasible  and  that  resist 
ance  may  be  manifest  in  both  beet  size  and  plant  survival  (p.  231).  Sugar 
beet  lines  differ  markedly  in  response  to  selection  for  resistance.  A 
remarkable  level  of  Rhizoctonia  resistance  was  achieved  in  SP  641004-02 
(Fig .  2 ,  p .  239) . 

Storage  Rot  Resistance .--Mumford,  Filban,  and  Hogaboam  found  that  the 
low  nitrogen  nutrition,  which  enhanced  quality,  predisposed  beets  to 
rot  (p.  374) .  They  used  Botrytis  cine re a  as  the  test  organism.  Chemical 
changes  in  beets  during  storage  reduce  resistance  to  the  pathogen.  The 
simple  Botrytis  method  of  evaluating  for  rot  resistance  is  especially 
suited  to  breeding  material,  because  sampling  for  the  laboratory  test 
does  not  result  in  serious  injury  to  the  beet. 

Cercospora  Leaf  Spot.  -Leaf  spot  surveys  conducted  by  Calpouzos  and 
Stallknecht  (p.  359)  in  the  Red  River  Valley  and  in  southern  Minnesota 
reveal  that  in  1965  the  disease  was  not  severe  in  the  region.  The 
results  of  their  fungicidal  treatments  show  the  importance  of  early 
applications  when  conditions  are  favorable  for  disease  development. 

Coe  (p.  405)  found  that  the  amount  of  damage  caused  by  the  disease  is 
related  to  the  tolerance  of  the  variety;  but  under  conditions  especially 
favorable  for  disease  development,  a  significant  amount  of  damage  may  be 
caused  in  the  most  resistant  cultivars  of  sugarbeet. 
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Virus  Diseases. — Duff us  and  Gold  (p.  381)  report  that  aphids  (Myzus 
persicae)  feeding  through  a  membrane  on  a  purified  plant  extract  contain¬ 
ing  Western  beet  yellows  virus  are  more  efficient  vectors  than  aphids 
feeding  on  juice  of  infected  plants.  The  density  gradient  method  of 
purification  of  the  plant  juice  is  used  in  studies  on  the  properties 
and  characterization  of  the  virus.  Ruppe 1  (p.  387)  neutralized  the 
inhibitor  of  cucumber  mosaic  virus,  which  occurs  in  sugarbeet  juice,  by 
phenol-buffer  extractions. 

D.  Physiology  and  Biochemistry 

Physiological  Investigations. — Snyder  (p.392)  confirmed  his  previous  find¬ 
ing  that  harvest  prior  to  full  maturity  resulted  in  slow  and  incomplete 
germination  of  sugarbeet  seed.  From  several  years  of  study  on  nitrogen 
nutrition,  he  concluded  that  for  Michigan  an  application  of  nitrogen  in 
excess  of  90  pounds  per  acre  is  not  likely  to  give  a  favorable  response 
in  recoverable  sucrose  per  ton  or  per  acre.  Problems  in  purity  determina¬ 
tions  and  in  calculation  of  recoverable  sucrose  have  been  discussed  by 
Snyder  (p.  392)  and  by  Stout  (p.  166). 

Nature  of  Leaf  Spot  Resistance . --In  1960  Harrison,  Payne,  and  Gaskill 
reported  that  a  phenolic  compound  in  leaves  of  sugarbeet  was  associated 
with  resistance  to  Cercospora  bet icola.  The  oxidation  products  of  the 
phenolic  compound  are  highly  toxic  to  the  pathogen.  Gardner  identified 
the  compound  as  3 -hydroxy tyr amine .  Polyphenolase ,  a  naturally  occurring 
enzyme  in  sugarbeet  leaves,  is  capable  of  oxidizing  3-hydroxytyramine . 

Based  on  these  findings,  a  working  hypothesis  for  the  biochemical  mecha¬ 
nism  of  leaf  spot  resistance  in  the  sugarbeet  has  been  investigated  by 
Harrison,  Maag,  Hecker,  and  Collins  (pp.  241-268).  They  found  an  asso¬ 
ciation  between  leaf  spot  resistance  and  high  concentration  of  3-hydroxy¬ 
tyramine  (p.  268)  .  Chemical  genetic  studies  indicate  that  simultaneous 
improvement  can  be  more  easily  achieved  in  sucrose  percentage  and  3-hydroxy¬ 
tyramine  or  in  beet  weight  and  the  compound  than  in  sucrose  percentage  and 
beet  weight  combined  (p.  242.) 

S amp  1 ing . — Plant  material  shows  wide  variations  in  3-hydroxytyramine  with 
environment,  plant  development,  and  age  of  leaves  of  the  same  sugarbeet 
(p.  255).  The  young  leaves  contain  more  3-hydroxytyramine  than  the  older 
leaves.  Leaf  injury  increased  the  concentration  of  the  phenolic  compound. 
Resistance  to  the  pathogen  may  depend  on  the  ability  of  a  plant  to  synthe¬ 
size  the  toxic  substance  in  response  to  injury  more  than  on  the  naturally 
occurring  concentration  of  the  compound  in  leaves.  These  investigators 
also  found  deviations  from  the  expected  relationship  of  the  concentration 
of  3-hydroxytyramine,  the  oxidizing  enzyme ,  and  leaf  spot  resistance  (p.254). 
Further  research  is  being  conducted  to  establish  an  acceptable  biochemical 
explanation  of  leaf  spot  resistance  in  the  sugarbeet. 


Summary  of  Accomplishments  prepared  by  Dewey  Stewart. 
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PART  I 


NEW  DEVELOPMENTS  IN  BREEDING  RESEARCH 


Items  Proposed  for  Seed  Increase  1965 

and 

Utilization  and  Distribution  of  Items 


Seed  Production  of  1964  Items 


PRODUCTION  OF  MONOGERM  SEED  IN  U.S.A. 
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NEW  DEVELOPMENTS  IN  BREEDING  RESEARCH 

Items  Proposed  for  Seed  Increase 
June  3,  1965 

Breeder  seed,  inbred  lines,  and  experimental  hybrids,  which  have  been 
developed  in  the  breeding  research  conducted  by  the  staff  of  Sugarbeet 
Investigations,  are  proposed  for  seed  production  through  the  Beet  Sugar 
Development  Foundation.  Seed  not  needed  for  planting  overwintering  plots 
will  be  furnished  on  request  to  company  members  of  the  Foundation  for 
utilization  in  their  breeding  programs.  Brief  descriptions,  current  desig¬ 
nations,  and  estimates  of  seed  available  August  1  are  given  for  the  items. 

These  new  productions  of  breeding  research  have  been  developed  by  the 
staff  of  Sugarbeet  Investigations  in  work  conducted  under  Cooperative 
Agreements  with: 

California  Agricultural  Experiment  Station 
Colorado  Agricultural  Experiment  Station 
Michigan  Agricultural  Experiment  Station 
Minnesota  Agricultural  Experiment  Station 
Utah  Agricultural  Experiment  Station 
Beet  Sugar  Development  Foundation 
Farmers  &  Manufacturers  Beet  Sugar  Association 
Union  Sugar  Division,  Consolidated  Foods  Corp. 

Items  Proposed  for  Seed  Increase  and  Utilization 

I.  U.S.  Agricultural  Research  Station,  Salinas,  California. 

A.  Developments  in  breeding  research  by  J.  S.  McFarlane, 

B.  L.  Hammond,  I.  0.  Skoyen,  and  R.  J.  Hecker. 

Item  1.  C4633  Monogerm . 50  grams 

A  type  0,  monogerm  inbred  selected  from  the  second 
backcross  to  the  multigerm  NB1  inbred.  C4633  is 
similar  to  NB1  in  both  curly  top  and  bolting 
resistance . 

Suggested  utilization:  Use  as  a  breeding  line.  Not 
recommended  for  increase  until  more  information  on 
performance  is  available. 
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Item  2. 


Item  2a. 


Item  3. 


C4742  Multigerm . 50  grams 

A  yel lows-resistant  inbred  selected  from  IRS  55M14 
X  NB1.  IRS  55M14  is  a  ye  1 lows-resistant  selection 
obtained  from  Dr.  Henk  Rietberg  of  the  Instituut 
voor  Rationele  Suikerproductie ,  The  Netherlands. 

In  the  1964  yellows  resistance  evaluation  test  at 
Davis,  California,  C4742  ranked  first  in  resistance 
among  17  inbred  lined.  C4742  has  only  fair  resistance 
to  bolting  and  curly  top. 

Suggested  utilization:  Use  as  a  yel lows-res istant 
breeding  line.  Not  recommended  for  increase. 

C413  Multigerm  ........  8  pounds 

This  breeder  seed  is  an  increase  of  the  5th  successive 
selection  from  US  75  for  resistance  to  virus  yellows. 

In  the  1964  yellows  resistance  evaluation  test  at 
Davis,  California,  this  selection  showed  a  14%  yield 
loss  from  yellows,  compared  with  a  37%  loss  for  US  75. 

Hybrids  involving  C413  performed  very  well  in  early 
harvested  1964-65  yield  tests  in  the  Imperial  Valley 
under  essentially  virus-ye 1 lows-f ree  conditions. 

Suggested  utilization:  a)  Increase,  and  b)  use  as 
pollen  parent  in  producing  experimental  quantities 
of  hybrid  seed. 

C5600  Multigerm  ........  50  grams 

A  homozygous,  diploid  inbred  produced  by  doubling 
the  chromosomes  in  a  haploid  sugarbeet  plant.  The 
haploid  was  discovered  during  the  examination  of 
C-^  plants  from  the  F2b7  generation  of  a  cross 
between  an  annual  beet  and  the  multigerm  NB1  inbred. 

C5600  is  a  curly  top  resistant  annual  inbred  requir¬ 
ing  a  long  photoperiod  to  induce  bolting. 

Suggested  utilization:  For  use  in  studies  requiring 
sugarbeet  plants  with  a  high  degree  of  genetic 
uniformity.  The  U.S.  Agricultural  Research  Station 
will  make  an  increase  of  C5600  in  1966. 
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B.  Developments  in  breeding  and  genetic  research  by  Helen 
and  V.  F.  Savitsky: 


Item  4.  S-63-9  Multigerm  Tetraploid . 100  grams 

F  tetraploid  derived  from  hybridization  of  tetra¬ 
ploid  monogerm  self-sterile  line  and  tetraploid 
US  401.  The  line  carries  resistance  to  both 
curly  top  and  leaf  spot  and  is  good  in  vigor  and 
pollen  production. 

Suggested  utilization:  Pollinator  for  the  produc¬ 
tion  of  triploid  seed  where  resistance  is  required 
to  both  leaf  spot  and  curly  top. 

Item  5.  S-63-11  Multigerm  Tetraploid  ....  100  grams 

Description  and  Suggested  Utilization: 

Same  as  for  Item  4  (S-63-9) . 

Item  6.  S-63-12  Multigerm  Tetraploid  ....  100  grams 

Description  and  Suggested  Utilization: 

Same  as  for  Item  4  (S-63-9) . 


Item  7.  S-63-13  Multigerm  Tetraploid  ....  100  grams 

Description  and  Suggested  Utilization: 

Same  as  for  Item  4  (S-63-9) . 


II.  Sugarbeet  Investigations,  Fort  Collins,  Colorado. 

Developments  in  breeding  research  by  J.  0.  Gaskill: 

Item  8.  FC  505  Monogerm .  1/2  pound 

Type  0,  rr,  S2  inbred  line  with  high  resistance 
to  leaf  spot  and  acceptable  sucrose  percent; 
combining  ability  not  known;  key  strain  no. 

SP  602063s 1;  derived  from  crosses  between 
US  201  and  type  0  monogerm  lines. 

Suggested  utilization:  Increase  FC  505  and  its 
male-sterile  equivalent,  FC  505-CMS.  Also  cross 
FC  505  with  FC  502/2-CMS  (e.g.,  by  including  a 
short  row  of  FC  502/2-CMS  in  the  planting  of  FC  505) . 
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Item  9.  FC  505-CMS  Monogerm  . 

Male-sterile  equivalent  of  FC  505,  rr. 

Suggested  utilization:  Increase,  using  FC  505 
as  pollinator. 

III.  Crops  Research  Laboratory,  Logan,  Utah 

Developments  in  the  breeding  research  of  J.  C.  Theurer, 
G.  K.  Ryser,  C.  H.  Smith,  and  E.  H.  Ottley: 

Item  10.  L  13  Monogerm  . 

An  0-type  line  derived  from  SLC  129. 

Developed  through  interpollination  of 
3  plants  with  large  roots  that  were  much 
higher  in  sucrose  percentage  than  the  mean 
of  the  variety.  The  line  is  excellent  in 
pollen  production  but  has  not  been  tested  for 
combining  ability. 

Suggested  utilization:  Use  as  a  substitute 
for  SIG  129  in  experimental  hybrids. 


IV.  Plant  Industry  Station,  Beltsville,  Maryland. 

Developments  in  breeding  research  by  G.  E.  Coe: 

Item  11.  65100-055  Monogerm  ..... 

An  open-pollinated  monogerm  line  with  good 
resistance  to  leaf  spot  and  acceptable 
tolerance  to  black  root. 


1  pound 


1  pound 


1  pound 


Suggested  utilization:  Seed  production  for 
further  evaluation. 
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BEEI  SUGAR  DEVELOPMENT  fOUNDATION 

P.  O.  BOX  538 
FORT  COLLINS,  COLORADO 
80821 

UTILIZATION  OF  USDA  SEED  RELEASES,  1965 

Item  numbers  and  seed  numbers  are  identical  with  those 
listed  in  the  release  memorandum  dated  June  3,  1965J./ 

I.  U.S.  Agricultural  Research  Station,  Salinas,  California. 

A.  Developments  in  breeding  research  by  J.  S.  McFarlane,  B.  L. 

Hammond,  I.  0.  Skoyen,  and  R.  J.  Hecker, 

Item  1.  C4633  Monogerm 

No  increase  will  be  made.  The  available  quantity  will  be 
shared  among  Amalgamated,  American  Crystal,  F  &  M,  Great 
Western,  Holly,  Spreckels,  Union,  and  Utah-Idaho. 

Item  2.  C4742  Multigerm 

The  utilization  of  this  item  will  be  the  same  as  indicated  in 
Item  1. 

Item  3.  C5600  Multigerm 

The  USDA  will  increase  this  item  next  spring  at  Medford  or  Salem 
from  stecklings  currently  growing  at  Medford.  Five  grams  of 
seed  will  be  distributed  at  this  time  to  American  Crystal,  F  &  M, 
Great  Western,  Holly,  Spreckels,  Union,  and  Utah-Idaho.  Amalgamated 
will  share  in  the  increase. 

B.  Developments  in  breeding  and  genetic  research  by  Helen  and 
V.  F.  Savitsky. 

Item  4.  S-63-9  Multigerm  tetraploid 

Item  5.  S-63-11  Multigerm  tetraploid 

Item  6.  S-63-12  Multigerm  tetraploid 

Item  7.  S-63-13  Multigerm  tetraploid 

The  above  items  4,  5,  6,  and  7  will  not  be  increased.  The 
available  quantity  will  be  shared  among  Amalgamated,  American 
Crystal,  F  &  M,  Great  Western,  Holly,  Spreckels,  Union,  and 
Utah-Idaho . 


1/  Memorandum  to  James  H.  Fischer  from  Dewey  Stewart  with  the 
subject  "Proposals  for  Seed  Production  and  Utilization." 
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Utilization  of  USDA  Seed  Releases,  1965 
Page  2 


II.  Sugarbeet  Investigations,  Fort  Collins,  Colorado 
Developments  in  breeding  research  by  J .  0.  Gaskill. 

Item  8.  FC  505  Monogerm 
Item  9.  FC  505-CMS  Monogerm 

The  above  Items  8  and  9  will  be  increased  by  the  West  Coast 
Beet  Seed  Company.  The  increase  only  will  be  shared  by 
American  Crystal,  F  &  M,  Great  Western,  Holly,  Spreckels, 
and  Union. 

III.  Crops  Research  Laboratory,  Logan,  Utah 

Developments  in  the  breeding  research  of  J.  C.  Theurer, 

G.  K.  Ryser,  C.  H.  Smith,  and  E.  H.  Ottley. 

Item  10.  L  13  Monogerm 

No  increase  will  be  made.  The  available  quantity  will  be 
distributed  among  the  following  companies:  Amalgamated, 
American  Crystal,  F  &  M,  Great  Western,  Holly,  Spreckels, 
Union,  and  Utah- Idaho. 

IV.  Plant  Industry  Station,  Beltsville,  Maryland 

Developments  in  breeding  research  by  G.  E.  Coe. 

Item  11.  65100-055  Monogerm 

No  increase  will  be  made.  The  available  quantity  will  be 
distributed  as  follows:  10  grams  to  Spreckels;  the 
balance  will  be  distributed  among  American  Crystal,  F  &  M, 
Great  Western,  Holly,  and  Utah-Idaho. 


August  23,  1965 

65-29 

wmf 
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1965  Productions  of  1964  Proposals  for  Seed  Increase 
(See  1964  Report,  pp .  7-16) 


1963 

Item 

Breeder  Seed  Description 

1964 

Pounds 

Production 

Designation 

1 

C3534  Monogerm 

6 

F65-534 

2 

C3534H4  Monogerm 

6 

F65-534HO 

3 

C321  Multigerm 

0 

4 

C3539T  Multigerm 

0 

5 

101-7  Multigerm 

0 

6 

C057-15  Multigerm 

0 

7 

S-205  Tetraploid  Multigerm 

0 

8 

S-206  Tetraploid  Multigerm 

0 

9 

S-303  Tetraploid  Monogerm 

0 

10 

FC  502/2  Monogerm 

0 

11 

FC  502/2-CMS  Monogerm 

0 

12 

FC  504  Monogerm 

0 

13 

SP  6423-0  Monogerm 

0 

14 

SP  6423-01  Monogerm 

0 

15 

SP  6426-0  Monogerm 

0 

16 

SP  6426-0 IMS  Monogerm 

0 

17 

SP  64194-0  Monogerm 

0 

18 

SP  6427-0  Multigerm 

0 

19 

SL  14500  Monogerm  annual 

Yes 

Logan,  Utah 

20 

SL  14500HO  Monogerm  annual 

Yes 

Logan,  Utah 

14 


SUGARBEET  SEED  PRODUCTION  IN  UNITED  STATES,  1955-19651/ 


Year  of  _ 100-pound  bags _  Percent 

production  Total  Multigerm  Monogerm  monogerm 


1955 

114,187 

114,152 

35 

Trace 

1956 

88,279 

84,991 

3,431 

3.9 

1957 

94,547 

83,812 

10,735 

11.4 

1958 

109,832 

82,571 

27,261 

24.8 

1959 

111,788 

83,594 

28,194 

25.2 

1960 

124,545 

49,869 

74,676 

60.0 

1961 

95,541 

25,227 

70,314 

73.6 

1962 

93,416 

10,768 

82,648 

88.5 

1963 

94,447 

12,487 

81,960 

86.8 

1964 

133,614 

15,777 

117,837 

88.2 

1965 

93,363 

671 

92,692 

99.3 

1/  Production  records  from  Agricultural  Statistics. 
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PART  II 


DEVELOPMENT  AND  EVALUATION  OF  INBRED  LINES 
AND  HYBRID  VARIETIES  OF  SUGARBEETS 
SUITABLE  FOR  CALIFORNIA 

and 

STUDIES  ON  POLYPLOIDY 


J.  S.  McFarlane 
B .  L .  Hammond 


K.  D.  Beatty 
I.  0.  Skoyen 


Cooperation: 


Holly  Sugar  Corporation 

Spreckels  Sugar  Company 

Union  Sugar  Division 

Southwestern  Irrigation  Field  Station 


The  research  was  supported  in  part  by  funds  provided  through 
the  Beet  Sugar  Development  Foundation  (Projects  24  and  29) . 


...  • 

- 

{ 
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REPORT  ON  FOUNDATION  PROJECTS  24  AND  29 


Summary  of  Accomplishments  -  1965 

PERFORMANCE  OF  MQNOGERM  HYBRID  VARIETIES— Mocogerm  hybrids  were  included 
in  24  variety  tests  conducted  throughout  the  beet-growing  areas  of 
California.  A  summry  of  the  performance  of  ten  hybrids  expressed  in 
percent  of  the  performance  of  US  H6  follows: 

Sucrose 


Hybrid 

No. 

of 

tests 

Gross  sugar 

percentage 

C 

cv 

Imp, 

C 

CV 

Imp. 

C 

CV 

1 m- 

562HO  x  569) 

X 

663 

8 

3 

4 

99 

105 

96 

99 

100 

101 

562HO  x  569) 

X 

NB7 

7 

5 

7 

100 

90 

108 

98 

98 

106 

562HO  x  569) 

X 

413 

4 

0 

1 

111 

109 

100 

100 

562HO  x  569) 

X 

430 

5 

2 

1 

103 

105 

97 

99 

101 

100 

562H0  x  546) 

X 

264 

7 

3 

2 

105 

107 

108 

98 

100 

101 

562HO  x  546) 

X 

NB7 

6 

4 

4 

95 

99 

99 

96 

96 

104 

563HO  x  550) 

X 

264 

5 

5 

4 

107 

102 

109 

96 

98 

100 

563HO  x  550) 

X 

NB7 

6 

2 

4 

94 

97 

95 

95 

101 

103 

563HO  x  534) 

X 

264 

5 

5 

4 

103 

107 

105 

100 

101 

103 

563HO  x  546) 

X 

264 

4 

3 

0 

103 

110 

— 

98 

101 

— 

!  -  Coastal  valleys 

CV  » 

Central 

valley 

Imp 

.  -  Imperial  Valley 

Greater  differences  were  observed  in  hybrid  performance  in  the  three 
major  production  areas  than  have  been  observed  in  past  years.  This  was 
particularly  true  with  US  H8,  which  has  the  parentage  (562HO  x  569)  x  NB7. 
In  the  1965  tests  this  hybrid  performed  well  in  the  coastal  valleys  and 
in  the  Imperial  Valley  but  yielded  an  average  ten  percent  less  sugar  per 
acre  in  five  Centred.  Valley  tests  than  did  US  H6.  In  four  1964  Central 
Valley  tests,  US  H8  yielded  an  average  three  percent  more  sugar  per  acre 
than  did  US  H6.  All  three  components  of  US  H8  are  inbred  lines,  and  the 
variety  responds  more  sharply  to  environmental  differences  than  do  top- 
cross  hybrids  involving  the  heterozygous  pollen  parents  663  and  264.  The 
new  hybrid,  (563HO  x  550)  x  264,  yielded  well  in  all  three  areas  but 
tended  to  be  a  little  low  in  sucrose  percentage,  particularly  in  the 
coastal  valleys.  In  addition  to  producing  good  root  yields,  this  hybrid 
also  showed  very  good  bolting  and  curly  top  resistance.  The  hybrid, 

(563HO  x  534)  x  264,  performed  well  in  all  areas  and  ranks  high  in  bolting 
and  curly-top  resistance.  The  hybrid,  (562  x  569)  x  C4l3,  was  included  in 
five  tests  and  performed  very  well  in  each  test.  C4l3  is  a  selection  for 
yellows  resistance  from  US  75 •  A  small  increase  of  c4l3  is  being  made  in 
Oregon.  (See  page  8.) 
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BOLTING  RESISTANCE— Bolting  ranged  from  0  to  100  percent  in  a  November^20, 
1964,  planting  at  Salinas,  California,  A  raonogerm  inbred  designated  4806 
and  the  multigerm  inbred  NB6  developed  no  seedstalks  during  the  entire 
growing  season.  The  monogerm  inbreds  563,  550,  and  53^  also  showed  good 
resistance.  The  yellows -resistant  selections,  C4l3  and  C430,  were  similar 
in  resistance  to  the  US  75  parental  variety.  Complete  results  of  the 
November  bolting  resistance  tests  at  Salinas  and  of  an  October  test  at 
Tracy  are  in  Tables  1,  2,  3,  and  4. 

CURLY  TOP  RESISTANCE — Evaluations  for  curly  top  resistance  were  made  in 
the  field  at  Thatcher,  Utah,  and  in  the  greenhouse  at  Salinas.  Infection 
occurred  late  in  the  season  at  Thatcher  and  symptoms  were  mild.  Improved 
resistance  was  observed  in  some  of  the  newer  test  hybrids  and  parental 
lines.  The  male-3terile  Fp  hybrid,  563HO  x  534,  showed  the  best  resist¬ 
ance  of  any  of  the  monogerm  seed-bearing  parents.  The  Fj_  hybrid,  563HO  x 
550,  also  showed  good  resistance.  Three-way  hybrids  involving  these  seed¬ 
bearing  male  steriles  showed  superior  resistance  to  the  commercial  monogerm 
hybrids  US  H7  and  US  H8. 

Progress  has  been  made  in  developing  a  greenhouse  method  of  selecting 
inbred  lines  with  high  curly  top  resistance.  As  pointed  out  in  previous 
reports,  little  improvement  has  been  made  from  mass  selection  in  either 
self-sterile  or  self-fertile  material.  A  technique  introduced  in  1964 
involves  saving  seed  from  individual  plants  in  segregating  self-fertile 
populations.  Eight  plants  of  each  segregate  (four  plants  per  six-inch  pot) 
are  then  inoculated  in  the  greenhouse.  The  average  resistance  rating  of 
eight  plants  provides  a  more  reliable  measure  of  resistance  than  does 
individual  plant  ratings.  Greenhouse  progeny  tests  of  selections  made  in 
1964  show  that  progress  can  be  made  by  this  method.  Seed  increase  of  the 
most  resistant  selections  will  be  made  in  1966. 

POLYPLOIDY — Dr.  B.  L.  Hammond  produced  additional  autotetraploids  and 
F^  hybrids  between  tetraploids.  An  attempt  is  being  made  to  develop 
tetraploid  pollen  parents  with  high  resistance  to  bolting  and  disease  for 
use  in  the  production  of  hybrid  varieties.  Dr.  Hammond  has  also  produced 
tetraploids  of  male-sterile  equivalents  of  monogerm  inbreds.  The  male 
sterility  of  the  tetraploids  is  satisfactory,  but  difficulties  have  been 
experienced  with  pollen  production  in  tetraploid  monogerm  inbreds. 

Results  with  triplolds  in  1965  variety  tests  were  not  encouraging. 
Sucrose  percentages  tended  to  be  low,  and  emergence  problems  were  experi¬ 
enced  under  conditions  of  severe  crusting.  Seed  germination  of  monogerm 
triploids  tended  to  be  low. 

SEED  LOTS  MADE  AVAILABLE  THROUGH  THE  FOUNDATION— A  monogerm  inbred 
designated  C4633  was  made  available  in  1965.  This  type  0  inbred  was 
selected  from  the  second  backcross  to  the  multigerm  NB1  inbred  and 
combines  resistance  to  bolting  and  curly  top. 
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A  homozygous,  diploid  inbred  designated  C56OO  and  produced  by 
doubling  the  chromosomes  in  a  haploid  sugarbeet  plant  was  also  made 
available.  The  haploid  was  discovered  by  Dr,  B,  L.  Hammond  during  the 
examination  of  plants  from  the  generation  of  a  cross  between  an 

annual  beet  and  the  multigerm  NB1  inbred,  C56OO  is  a  curly  top  resistant 
annual  Inbred  requiring  a  long  photo  period  to  Induce  bolting. 

A  yellows -resistant  selection  from  113  75  has  been  designated  CU15. 
This  selection  was  made  on  the  basis  of  freedom  from  yellowing  and  on 
root  size.  Five  successive  selections  were  made.  Losses  from  yellows 
are  approximately  one-half  as  great  in  C4lj  as  in  US  75  •  Test  hybrids 
utilizing  C4l3  as  the  pollen  parent  have  shown  good  yield,  sucrose 
percentage,  bolting  resistance,  and  curly-top  resistance. 

A  yellows -resistant  inbred  designated  C4742  was  selected  from 
IRS  55M14  x  NB1.  IRS  55M14  is  a  yellows-resistant  selection  obtained 
from  Dr.  Henk  Rietberg  of  the  Instituut  Voor  Rationele  Suikerproductie 
of  The  Netherlands.  In  the  1964  yellows -resistance  evaluation  test  at 
Davis,  California,  04742  ranked  first  in  resistance  among  17  inbred  lines. 
C4742  has  only  fair  resistance  to  bolting  and  curly  top.  (See  page  8.) 
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Table  1.  Percent  bolting  in  sugarbeet  three-way  hybrids  planted  at 
Salinas,  California,  November  20,  1964. 

Date 

:  of  Counting 

Variety 

Description 

6-23-65 

7-21-65 

8-27-65 

Percent 

Percent 

Percent 

F64-425KL1 

(563HO  x  550)  x  3425 

0.7 

4 

9 

464H13 

(563HO  x  569)  x  464 

0.3 

3 

10 

464H11 

(563HO  x  550)  x  464 

0.7 

5 

10 

464H14 

(563HO  x  534)  x  464 

0.5 

5 

11 

44o4h8 

(562HO  x  546)  x  44o4 

1.2 

4 

11 

464h8 

(562HO  x  546)  x  464 

0.7 

5 

12 

413H4 

(562HO  x  569)  x  413 

0.7 

7 

12 

263TH2 

(MS  of  NBl  x  NB5)  x  663  Tetra 

2.9 

6 

12 

F64-425H4 

(562H0  x  569)  x  3425 

1.5 

5 

12 

464H12 

(563HO  x  546)  x  464 

0.9 

5 

13 

F64-425H8 

(562HO  x  546)  x  3425 

1.5 

6 

13 

413H8 

(562HO  x  546)  x  413 

0.9 

7 

14 

f63-64h4 

(562HO-X  569)  x  264 

1.4 

7 

15 

F64-30H8 

(562HO  x  546)  x  F64-30 

l.l 

8 

16 

F64-30H4 

(562HO  x  569)  x  F64-30 

2.0 

9 

17 

437H8 

(562HO  x  546)  x  437 

1.2 

8 

18 

4539KL2 

(563HO  x  546)  x  NB7 

0.9 

7 

19 

F63-64H2 

(MS  of  NBl  x  NB5)  x  264 

3.3 

11 

22 

463H4 

(562HO  x  569)  x  663 

3.0 

12 

22  ; 

4539H8 

(562HO  X  546)  X  NB7 

l.l 

12 

22 

4539H9 

(562HO  x  549)  x  NB7 

2.5 

13 

25 

4539H11 

(563HO  x  550)  x  NB7 

3.8 

14 

26 

43TH4 

(562HO  x  569)  x  437 

4.6 

14 

26 

463TH4 

(562HO  x  569)  x  663  Tetra 

2.8 

15 

27 

463H2 

(MS  of  NBl  x  NB5)  x  66 3 

2.7 

15 

29 

4539H4 

(562HO  x  569)  x  NB7 

1.9 

14 

30 

4T2H4 

(562H0  x  569)  x  472 

8.7 

25 

42 

L.S.D.  (5$) 

- 

6.0 

8.7 

20 


Table  2.  Percent  bolting  in  sugarbeet  single-cross  hybrids  and 
open -pollinated  lines  planted  at  Salinas,  California,  November 
20,  1964. 


Date  cf  Counting 


Variety 

Description 

6-23-65 

7-21-65 

8-27-65 

Single -cross  hybrids 

Percent 

Percent 

Percent 

4640H4 

563HO  x  4640 

0.5 

3 

7 

F60-512H1 

MS  of  NB5  x  NB6 

0.7 

2 

7 

F64-550H4 

563HO  x  550 

0.3 

4 

10 

F64-546H3 

562HO  x  546 

3.6 

7 

11 

4757H3 

562HO  x  4757 

1.4 

9 

15 

F64-569H3 

562H0  x  569 

2.1 

10 

15 

3534H4 

563HO  x  534 

2.0 

7 

15 

4754H3 

562HO  x  4754 

1.3 

7 

18 

475 3H3 

562HO  x  4753 

1.7 

10 

18 

4522H3 

562HO  x  4522 

2.4 

9 

18 

1547KL 

MS  of  NB1  x  NB5 

0.2 

5 

19 

4716H3 

562HO  x  4716-18 

2.9 

12 

23 

4569H4 

563HO  x  569 

2.4 

14 

27 

F64-648H3 

562HO  x  648 

7.7 

28 

37 

4683H3 

562HO  x  4683 

l4. 2 

35 

51 

P64-649H3 

562HO  x  649 

12.9 

44 

58 

4564h4 

563HO  x  4564 

40.4 

76 

83 

L.S.D.  (5$) 

Open -pollinated  lines 

- 

6.0 

8.7 

F64-425 

663  Tetra  x  8539  Tetra 

0.4 

2 

4 

F64-63T 

Tetra  663 

0.6 

3 

7 

4130 

YRS  US  75 

1.1 

6 

13 

234 

Rietberg  YRS 

1.6 

4 

14 

663 

(US15  x  US22/3)  Sel. 

2.7 

8 

l4 

430B 

YRS  US  75 

2.6 

8 

15 

F64-30 

YRS  US  75 

2.3 

9 

16 

F63-64 

Bolt.  res.  663 

1.3 

7 

18 

F57-68 

US  75 

4.3 

10 

19 

43TB 

YRS  663 

1.9 

11 

22 

44o4b 

NB1  Tetra  x  8539  Tetra 

0.9 

19 

45 

472 

Inc.  9151  x  9931 

15.4 

39 

55 

L.S.D.  (5$) 

- 

6.0 

8.7 

21 


Table  3.  Percent  bolting  in  sugarbeet  inbreds  planted  at 
Salinas,  California,  November  20,  1964, 


Inbred 

Description 

Date  of  Counting 

6-23-65  7-21-65  8-27-65 

Percent 

Percent 

Percent 

4806 

mm  inbred 

0 

0 

0 

F60-512 

NB6 

0 

0 

0 

4664-3 

mm  inbred 

0 

0 

1 

4664-5 

mm  inbred 

1 

2 

4 

4640 

mm  inbred 

2 

4 

7 

1547 

NB5 

1 

2 

12 

F64-550 

mm  inbred 

1 

10 

14 

F63-563 

mm  inbred 

1 

7 

15 

F64-550H0 

MS  of  550 

1 

7 

16 

F58-554 

NB4 

2 

9 

16 

4757B 

Yellows  res.  inbred 

5 

12 

18 

F64-562 

mm  inbred 

5 

11 

19 

F63-563HO 

MS  of  563 

1 

12 

19 

3534 

mm  inbred 

4 

12 

19 

4754b 

Yellows  res.  inbred 

2 

11 

21 

3539T 

NB7  (tetra) 

7 

14 

23 

0539 

NB7 

1 

14 

26 

F63-546 

mm  inbred 

5 

20 

28 

47530 

Yellows  res.  inbred 

8 

24 

28 

F64-562H0 

MS  of  562 

3 

l4 

30 

3716-18 

Yellows  res.  inbred 

lij . 

24 

34 

F64-569 

mm  inbred 

5> 

26 

35 

F64-648 

mm  inbred 

15 

33 

38 

4522 

mm  inbred 

12 

35 

42 

4683-1 

mm  inbred 

14 

33 

43 

F56-502 

NB1 

14 

^3 

55 

F64-649 

mm  inbred 

12 

51 

61 

4569 

mm  inbred 

20 

49 

62 

F58-502HO 

MS  of  NB1 

15 

44 

63 

4683-7 

mm  inbred 

33 

62 

73 

4683-5 

mm  inbred 

58 

81 

92 

4564-1 

mm  inbred 

70 

95 

100 

L.S.D.  (5#) 

9.7 

11.0 

22 


Table  4.  Percent  bolting  in  sugarbeet  hybrids,  open- 
pollinated  lines,  and  inbreds  in  an  October  14,  1964, 
planting  at  Tracy,  California. 


Variety 

Description 

Bolting 

Percent 

Hybrids  and 

open-pollinated  lines 

F63-549H3 

562H0  x  549 

1 

F59-512H1 

MS  of  NB5  x  NB6 

1 

3550H4 

563HO  x  550 

2 

3534H4 

563HO  x  534 

3 

F63-546H4 

563HO  x  546 

3 

3425T 

663  Tetra  x  NB7  Tetra 

4 

F64-30H4 

(562HO  x  569)  x  P64-30 

4 

F64-425H4 

(562HO  x  569)  x  3425 

4 

2539H4 

(562HO  x  569)  x  NB7 

6 

154TH1 

MS  of  NHL  x  NB5 

6 

263TH4 

(562HO  x  569)  x  663T 

7 

413H4 

(562H0  x  569)  x  413 

7 

464el4 

(563HO  x  534)  x  464 

8 

P64-569H3 

562H0  x  569 

8 

F57-68 

US  75 

10 

4539H11 

(563HO  x  550)  x  NB7 

10 

F62-63T 

663  Tetra 

10 

35*39H7 

(569HO  x  563)  x  NB7 

11 

F63-546H3 

562H0  x  546 

12 

464H11 

(563HO  x  550)  x  464 

13 

363H7 

(569HO  x  563)  x  663 

13 

F64-30 

YRS  US  75 

14 

363H4 

(562H0  x  569)  x  663 

15 

3539H8 

(562H0  x  546)  x  NB7 

16 

464H8 

(562H0  x  546)  x  464 

17 

163H2 

US  h6 

19 

P64-30H8 

(562H0  x  546)  x  F64-30 

19 

363H8 

(562HO  x  546)  x  663 

20 

F63-64 

Bolt.  res.  663 

21 

437H4 

(562HO  x  569)  x  437 

21 

F59-509m 

MS  of  NB1  x  NB3 

22 

F57-63 

Inc .  663 

24 

P63-648H3 

562H0  x  648 

26 

263m 

US  H2 

33 

Inbreds 

F59-512 

NB6 

0 

4503 

Mild.  res.  inbred 

0 

F56-502 

NB1 

3 

F61-562 

mm  inbred 

4 

3550 

mm  inbred 

4 

P63-549 

mm  inbred 

5 

1547 

NB5 

5 

P61-562H0 

MS  of  562 

6 

P62-546 

mm  inbred 

7 

0539 

NB7 

9 

F58-502HO 

MS  of  Nm 

11 

AGRICULTURAL  RESEARCH  DEPARTMENT  -  HOLLY  SUGAR  CORPORATION 


SIM4ABY. — Gross  sugar  yields  of  bolting- resistant  hybrids  in  ; 
California  variety  tests,  expressed  in  percent  of  the  yield  of 
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VARIETY  TESTS,  SALINAS,  CALIFORNIA,  19^5 


Location:  Spence  Field  of  the  U.  S.  Agricultural  Research  Station. 

Soil  type:  Sandy  loam. 

Previous  crops:  Fallow,  1962  and  1963;  vetch  cover  crop,  1964. 

Fertilizer  used:  900  lbs.  per  acre  10-10-5  preplant. 

250  lbs.  per  acre  ammonium  sulfate  sidedressed 

February  26,  1965* 

275  lbs.  per  acre  ammonium  sulfate  sidedressed 

May  7,  1965. 

Planting  date:  Bolting  test,  November  19,  1964. 

Yield  tests,  December  l6,  1964. 

Thinning  .date :  Bolting  test,  January  19-20,  1965* 

Yield  tests,  February  4,  1965. 

Harvest  date:  Bolting  test,  September  13-16,  1965* 

Yield  tests,  September  16-22,  1965* 

Irrigations:  Sprinkler  irrigation  as  required  up  to  May  10,  1965* 
Subsequently,  furrow  irrigation  used  at  about  ten-day 
intervals. 

Diseases  and  insects:  Infection  with  yellows  viruses  was  approaching 
100  percent  by  mid  June.  Test  plots  sprayed  on  March  1,  1965 
with  Meta  Systox  R  plus  DDT  for  control  of  green  peach  aphid  and 
cutworm  at  rate  of  one  and  one-half  pints  per  acre  Meta  Systox  R 
and  two  lbs.,  actual,  of  DDT.  Plots  sprayed  a  second  time  on 
March  25,  with  Meta  Systox  R  for  control  of  green  peach  aphid. 

Experimental  design:  Bolting  test  planted  in  a  7  x  8  rectangular 

lattice  design  with  four  replications  and  analyzed  as  a  randomized 
block.  Varieties  planted  in  single-row  plots;  plots  68  feet  long. 
One  yield  test  planted  in  a  4  x  5  rectangular  lattice  repeated 
to  give  ten  replications.  A  second  yield  test  planted  in  a 
randomized  block  with  five  replications.  Varieties  planted  in 
single-row  plots;  plots  110  feet  long.  Row  spacing  28  inches  wide. 

Sugar  analysis:  From  two  samples  per  plot,  of  approximately  ten  roots 

each,  at  the  sugar  analytical  laboratory.  United  States  Agricultural 
Research  Station,  Salinas,  California. 


26 


VARIETY  TEST,  SALINAS,  CALIFORNIA,  1965 

Planted:  November  19,  1964 

(4  replications  of  each  variety)  Harvested:  September  13-16,  1965 


Acre  Yield 

Harvest 

Variety 

Description 

Sugar 

Beets 

Sucrose 

Bolting 

Count 

bounds 

Tons 

Percent 

Percent 

Number 

413H8 

(562HO  x  546)  x  413 

10,880 

35.15 

15.5 

14.2 

168 

F64-30H8 

(562HO  x  546)  x  F64-30 

10,540 

33.27 

15.9 

15.8 

162 

4T16H3 

562HO  x  4716-18 

10,020 

31.46 

16.0 

22.6 

175 

234 

Rietberg  YRS 

9,900 

30.71 

16.2 

14.0 

140 

464h8 

(562H0  x  546)  x  464 

9,820 

31.01 

15.9 

11.5 

154 

F64-30 

YRS  US75 

9,700 

33.33 

14.6 

16.2 

169 

464KL2 

(563HO  x  546)  x  464 

9,580 

30.66 

15.7 

12.5 

159 

F64-30H4 

(562HO  x  569)  x  F64-30 

9,520 

31.12 

15.4 

17.1 

163 

413C 

YRS  US75 

9,420 

28.19 

16.7 

12.6 

163 

413H4 

(562HO  x  569)  x  413 

9,340 

30.69 

15.4 

12.4 

161 

464H13 

(563HO  x  569)  x  464 

9,300 

29.15 

15.9 

9.8 

161 

263TH2 

(MS  of  HKL  x  NB5)  x  663  Tetra 

9,240 

29.02 

16.1 

11.5 

134 

F63-64H2 

(MS  of  HB1  x  NB5)  x  264 

9,240 

28.51 

16.3 

21.7 

157 

464H11 

(563HO  x  550)  x  464 

9,240 

31.28 

14.8 

9.9 

172 

4757H3 

562HO  x  4757 

9,060 

28.70 

15.7  . 

15.0 

180 

4539H12 

(563HO  x  546)  x  NB7 

9,040 

29.36 

15.4 

18.5 

164 

4754H3 

(562H0  x  569)  x  4754 

9,040 

29.44 

15.4 

18.3 

161 

463H2 

(MS  of  NB1  x  NB5 )  x  663 

8,960 

29.30 

15.4 

29.3 

170 

437H8 

(562HO  x  546)  x  437 

8,800 

29.81 

14.9 

18.2 

168 

F63-64H4 

(562HO  x  569)  x  264 

8,760 

29.01 

15.1 

14.5 

170 

F64-425HU 

(563HO  x  550)  x  3425 

8,760 

29.25 

15.1 

9.0 

162 

43OB 

YRS  US75 

8,740 

30.84 

14.6 

15.2 

188 

463H4 

(562HO  x  569)  x  663 

8,680 

26.83 

16.1 

21.9 

186 

4539H4 

(562HO  x  569)  x  NB7 

8,560 

26.71 

16.0 

29.5 

178 

4539H11 

7563HO  x  550)  x  NB7 

8,520 

27.90 

15.3 

25.7 

151 

F64-425H8 

(562H0  x  546)  x  3425 

8,500 

28.74 

14.8 

13.0 

168 

4569H4 

563HO  x  569 

8,420 

25.72 

16.9 

26.8 

172 

4539H8 

(562HO  x  546)  x  NB7 

8,380 

26.61 

15.8 

22.1 

167 

475 3H3 

562HO  x  4753 

8,320 

25.30 

16.5 

18.3 

177 

4539H9 

(562HO  x  549)  x  NB7 

8,280 

28.84 

14.5 

25.1 

162 

F64-63T 

Tetra  663 

8,260 

28.48 

14.5 

6.9 

133 

463TH4 

(562HO  x  569)  x  66 3  Tetra 

8,200 

28.88 

14.1 

27.0 

154 

464HL4 

(563HO  x  534)  x  464 

8,100 

26.57 

15.3 

11.0 

157 

F57-68 

U8  75 

7,960 

27.86 

14.4 

18.8 

159 

437H4 

(562HO  x  569)  x  437 

7,940 

26.37 

15.1 

25.7 

175 

F63-64 

Bolt.  res.  663 

7,860 

28.22 

14.0 

17.8 

165 

43TB 

YRS  663 

7,840 

28.10 

14.0 

22.0 

158 

4640H4 

563HO  x  4640 

7,840 

24.21 

16.3 

7.2 

166 

F64-550H4 

563HO  x  550 

7,800 

24.70 

15.7 

9.7 

142 

F60-512H1 

MS  of  NB5  x  NB6 

7,780 

27.26 

14.4 

7.2 

161 

(Continued  am  next  peg*) 
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VARIETY  TEST,  SALINAS,  CALIFORNIA,  1965  continued 

Planted:  November  19,  1964 

(4  replications  of  each  variety)  Harvested:  September  13-16,  1965 


Acre 

Yield 

Harvest 

Variety 

Description 

Sugar 

Beets 

Sucrose  Bolting 

Count 

Pounds 

Tons 

Percent  Percent 

Number 

F64-425H4 

(562HO  x  569)  x  3425 

7,720 

26.37 

14.6  12.3 

172 

F64-546H3 

562H0  x  546 

7,320 

23.34 

15.8  11.0 

177 

1547m 

MS  of  NB1  x  NB5 

7,300 

22.25 

16.4  19.1 

147 

4404H8 

(562HO  x  546)  x  4404 

7,120 

23.48 

15.2  11.4 

152 

4683H3 

562HO  x  4683 

6,900 

22.08 

15.8  50.6 

165 

472H4 

(562HO  x  569)  x  472 

6,860 

20.39 

16.7  41.9 

153 

663 

(US15  x  US22/3)  Sel. 

6,820 

22.74 

15.1  14.4 

146 

F64-649H3 

562HO  x  649 

6,540 

20.86 

15.7  57.5 

164 

F64-425 

663  Tetra  x  8539  Tetra 

6,360 

21.78 

14.6  3.5 

132 

F64-569H3 

562HO  x  569 

6,340 

18.69 

16.8  15.4 

170 

F64-648H3 

562H0  x  648 

6,200 

18.31 

16.8  37-3 

164 

4564H4 

563HO  x  4564 

6,100 

21.55 

14.2  82.7 

160 

4522H3 

562HO  x  4522 

5,940 

18.51 

16.2  18.2 

167 

472 

Inc.  9151  x  9931 

4,900 

16.22 

15.0  55.1 

149 

3534H4 

563HO  x  534 

4,760 

14.65 

16.3  14.5 

146 

4404B 

NB1  Tetra  x  8539  Tetra 

4,640 

16.22 

14.2  44.7 

128 

General  MEAN  of 

all  varieties 

8,l4o 

26.50 

15.5  20.8 

Beets 

S.  E.  of  MEAN 

5 5T 

2.09 

0.58  3.10 

per 

Significant  Difference  (19:1 ) 

1,532 

5.86 

1.62  57ST 

100' 

Coefficient 

of  Variation  (<t,) 

13.4 

15.79 

“TTF?  29?rf 

row 

Odds  19:1  ** 

1.976  x  \[2  x  Standard 

Error  of  MEAN 

VARIANCE  TABLE 

Degrees 

MEAN 

SQUARES 

Variation  due  to  of 

Gross..  / 

Tons 

Percent 

Percent 

Freedom 

Sugars 

Beets 

Sucrose 

Bolting 

Between  varieties  55 

1.94 

85.34 

2.52 

829.46 

Between  replications  3 

3.30 

64.65 

11.01 

9.23 

Remainder  (Error)  165 

0.30 

17.51 

1.33 

38.33 

Total 

223 

• 

Calculated  F  value 

6.49**  4.88** 

1.90** 

21.64' 

**  Exceeds  the  1$  point  of  significance  (FVL.60) 


u 


Mean  squares  for  gross  sugar  computed  on  basis  of  tons 


sugar  per  acre. 


VARIETY  TEST,  SALINAS,  CALIFORNIA,  1965 


(5  replications  of  each  variety) 


Planted:  December  16,  1964 
Harvested:  September  21,  1965 


Acre  Yield 

Harvest 

Variety 

Description 

Sugar 

Beets 

Sucrose 

Bolting 

Count 

Pounds 

Tons 

Percent 

Percent 

Number 

463H2 

(MS  of  NB1  x  NB5)  x 

663 

10,940 

36.22 

15.1 

12.2 

140 

234 

Rietberg  YRS 

10,920 

33.46 

16.4 

6.2 

100 

413C 

IRS  US75 

10,860 

33.77 

16.2 

3.1 

134 

F63-64H2 

(MS  of  NB1  x  NB5)  x 

264 

10,720 

34.14 

15.7 

7.5 

135 

F64-30 

YRS  US75 

10,520 

35.46 

14.9 

6.1 

149 

F64-425H8 

(562HO  x  569)  x  3^25 

10,480 

33.41 

15.7 

4.3 

130 

4539H8 

(562HO  x  546)  x  NB7 

10,000 

32.90 

15.3 

12.3 

137 

464EL3 

1563HO  x  569)  x  464 

9,860 

31.56 

15.7 

3-7 

115 

3616H2 

(MS  of  NB1  x  NB5)  x 

3616 

9,840 

31.10 

16.1 

2.5 

114 

O63H3 

(MS  of  NB1  x  NB4)  x 

663 

9,660 

32.26 

15.0 

12.7 

132 

4539H12 

(563HO  x  546)  x  NB7 

9,620 

31.80 

15.2 

12.0 

115 

4539H9 

(562HO  x  5^9)  x  NB7 

9,400 

32.12 

14.7 

18.5 

131 

437B  . 

YRS  663 

8,820 

29.28 

15.1 

4.9 

134 

122RS-C 

2nd  YRS  US75  (Fife) 

8,800 

30.25 

14.6 

24.3 

131 

321 

YRS  671 

8,400 

29.H 

14.5 

24.4 

133 

384H7 

(569HO  x  563)  x  384 

8,380 

27.13 

15.5 

15.7 

127 

413D6-23 

1st  YRS  U875  (Fife) 

7,38o 

24.44 

15.2 

6.3 

140 

F57-68 

us  75  • 

7,360 

24.31 

15.1 

8.0 

107 

472 

Inc.  9151  x  9931 

7,080 

22.85 

15.6 

31.1 

130 

663 

(US15  x  US22/3)  sel. 

6,920 

22.93 

15.1 

6.2 

86 

General  MEAN  of 


all  varieties 

9,300 

30.43 

15,3 

11.1 

Beets 

S.  E.  of  MftAN 

3HT 

1.59 

0.35 

1.4 

per 

Significant  Difference  (19:1) 

l^7r 

4.47 

0.99 

4.0 

100' 

Coefficient  of  Variation  (%) 

9.18 

... 

28.6 

row 

Odds  19:1  ■  1.99  x  /2  x  Standard  Error  of  MEAN 


VARIANCE  TABLE 


Variation  due  to 

Degrees 

of 

Freedom 

- smnrnrstt  a-  r  its - 

Grossly 

Sugar^-' 

Tons 

Beets 

Percent 

Sucrose 

^rcent 

Bolting 

Between  varieties 

19 

2.24 

83.89 

1.32 

323-46 

Between  replications 

4 

3.43 

140.59 

4.58 

44.65 

Remainder  (Error) 

76 

0.18 

12.61 

0.62 

10.08 

Total 

99 

Calculated  F  value 

12.32** 

6.65**  2.15** 

32.10** 

**  Exceeds  the  ljl  point  of  significance  (5W2.13) 

Mean  squares  for  gross  sugar  computed  on  basis  of  tons  sugar 
per  acre. 
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VARIETY  TEST,  SALINAS,  CALIFORNIA,  1965 


(10  replications  of  each  variety) 


Planted:  December  l6,  1964 
Harvested:  September  17-20,  1965 


Acre 

Yield 

Harvest 

Variety 

Description 

Sugar 

Beets 

Sucrose 

Bolting 

Count 

Pounds 

Tons 

Percent 

Percent 

Number 

413H4 

(562H0  x  569)  x  413 

11,640 

38.07 

15.3 

4.8 

137 

413H8  1 

(562H0  x  546)  x  413 

11,580 

36.22 

16.1 

5.0 

133 

464m.  2  1 

(563HO  x  546)  x  464 

10,960 

35.07 

15.6 

^•3 

133 

464mi  1 

(563HO  x  550)  x  464 

10,900 

35.52 

15.4 

3.8 

133 

F64-3QH8  1 

f 562HO  x  546)  x  F64-30 

10,800 

33.82 

16.0 

5.9 

130 

463H2  1 

MS  of  NBl  x  NB5)  x  663 

10,600 

33.^9 

15.9 

13.7 

138 

P64-30H4  1 

562HO  x  569)  x  F64-30 

10,560 

33.76 

15.7 

4.4 

137 

464H8  1 

(562HO  x  546)  x  464 

10,420 

33.08 

15.8 

3.7 

127 

437H4  1 

f 562HO  X  569)  X  437 

10,160 

32.45 

15.7 

12.3 

125 

437H8  1 

562HO  X  5^6)  X  437 

10,140 

31. 9^ 

15.9 

10.5 

13^ 

463H4  1 

562HO  x  569)  x  663 

10,060 

32.18 

15.7 

10.7 

144 

464m4  1 

(563HO  x  53M  x  464 

10,040 

31.53 

16.0 

3-9 

127 

F64-425H4  1 

'562HO  x  569)  x  3^25 

10,000 

32.06 

15.7 

5.2 

127 

4539H4  1 

562HO  x  569)  x  NB7 

9,760 

32.18 

15.2 

16.7 

131 

4539ml  1 

563HO  x  550)  x  NB7 

9,680 

31.61 

15. ^ 

14.0 

130 

F64 -425ml  1 

[563HO  x  550)  x  3^25 

9,500 

30.70 

15.6 

3-V 

119 

263TH4  1 

J562HO  x  569)  x  663  Tetra 

9,420 

30.74 

15. ^ 

3.7 

101 

263TH2  ( 

MS  of  NBl  x  NB5)  x  663  Tetra 

9,240 

31.46 

14.7 

6.8 

70 

4404H8  ( 

562HO  x  546)  x  4404 

8,940 

28.54 

15-7 

10.6 

123 

472H4  | 

’562HO  x  569)  -x  472 

8,500 

26.09 

16.4 

24.8 

137 

General  MEAN 

of 

all  varieties 

10,140 

32.53 

15.7 

8.4 

Beets 

S.  E.  of  MEAN 

335 

1.30 

0.32 

0.84 

per 

Significant  Difference  (19:1) 

9^0 

3.65 

N.S. 

2.3^ 

100' 

Coefficient  of  Variation  [$) 

10.45 

12.66 

-  6.^1 

31.45 

row 

Odds  19:1  ■  1.976  x  y/2” x  Standard  Error  of  MEAN 


VARIANCE  TABLE 


Variation  due  to 

Degrees  M  ] 

of  Gross^ j 

Freedom  Sugai^ 

E  A  N  SQUAR 

Tons  Percent 
Beets  Sucrose 

E  S 

Percent 

Bolting 

Between  varieties 

19 

1.67 

69.46 

1.33 

324.30 

Between  replications 

9 

0.49 

17.00 

1.7^ 

10.77 

Remainder  (Error) 

171 

0.28 

16.96 

1.06 

6.99 

Total 

199 

Calculated  F  value 

5.91*** 

4.10**  N.S. 

46.40** 

**  Exceeds  the  1$  point  of  significance  (FW2.02) 

i^Mean  squares  for  gross  sugar  computed  on  basis  of  tons  sugar 
per  acre. 


VARIETY  TEST,  KING  CITY,  CALIFORNIA,  19^5 


Grower  and  location:  A.  S,  Duarte,  King  City,  California. 

Soil  type:  Sandy  loam. 

Previous  crops:  Onions,  1962;  peas  and  lettuce,  1963*  lettuce, 

2  crops,  1964. 

Fertilizer  used:  300  lbs.  per  acre  16:20:00,  preplant. 

700  lbs.  per  acre  ammonium  sulfate  evpplied  in  two 
sidedress  applications. 

Planting  date:  February  16,  1965* 

Thinning  date:  March  26,  1965. 

Harvest  date:  November  3-4,  1965. 

Irrigations :  Six. 

Diseases  and  insects:  Moderate  infections  of  yellows  viruses,  and  the 
mosaic  virus,  as  well  as  light  rust,  occurred  in  field  where  test 
plot  was  located.  Leaf  miner  caused  some  damage  in  the  field. 

Light  infestations  of  root  aphid  and  nematode  existed  in  the  test 
plot  area. 

Experimental  design:  Randomized  block  design  used  for  two  tests;  test  1 
with  eight  replications  and  test  2  with  four  replications.  Varieties 
planted  on  double-row  beds  with  40-inch  centers.  Plots  60  feet  long. 

Sugar  analysis:  From  two  ten-beet  samples  per  plot  by  Union  Sugar  Division 
Betteravia,  California. 

Remarks:  Seed  was  furnished,  test  designed,  and  results  analyzed  by  the 
United  States  Agricultural  Research  Station,  Salinas,  California. 
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VARIETY  TEST,  KING  CITY,  CALIFORNIA,  1965 
(8  replications  of  each  variety)  By  Union  Sugar  Division 


Variety 

Description 

Acre  Yield 

Sugar  Beets 

Sucrose 

Pounds 

Tons 

Percent 

413H4 

(562H0 

x  569)  X  413 

6,900 

24.67 

14.0 

464h8 

(562H0 

x  546)  x  464 

6,490 

23.95 

13.6 

F64-30H8 

(562HO 

x  546)  x  F64-30 

6,450 

23.96 

13.5 

263TH4 

(562H0 

x  569)  x  663  Tetra 

6,280 

23.46 

13.4 

464H11 

(563HO 

x  550)  x  464 

6,180 

23.70 

13.1 

464m4 

(563HO 

x  534)  x  464 

6,l40 

21.72 

14.2 

F64-425H4 

(562HO 

x  569)  x  3425 

5,940 

23.44 

12.7 

463H2 

(MS  of 

NB1  x  NB5)  x  663 

5,940 

21.83 

13.6 

F64-3QH4 

(562HO 

x  569)  x  F64-30 

5,860 

22.15 

13.3 

463H4 

(562H0 

x  569)  x  663 

5,670 

20.38 

13.9 

4539H4 

(562H0 

x  569)  x  NB7 

5,670 

22.46 

12.6 

4539H11 

(563HO 

x  550)  x  NB7 

4,810 

20.02 

12.1 

General  MEAN  of 

all  varieties 

- 

6,027 

22.64 

13.3 

S.  E.  of  MEAN 

272 

O.78 

0.29 

Significant  Difference  (19:1) 

766 

2.20 

0.86 

Coefficient  of  Variation  (%) 

12.77 

9.77 

6705 

Odds  19:1  * 

=  1.99  X 

V'cT x  Standard  Error  of  MEAN 

VARIANCE  TABLE 

begre’es  M  Pi  A  N  8  Q  U  A  P  E  U 


Variation  due  to 

of 

Freedom 

Gross 

Sugar 

Tons 

Beets 

Percent 

Sucrose 

Between  varieties 

11 

2,210,839 

17.32 

3.06 

Between  replications 

7 

1,910,495 

49.77 

7.94 

Remainder  (Error) 

77 

592,790 

4.90 

O.65 

Total 


95 


Calculated  F  value  3.73**  3.53**  4.71** 

**  Exceeds  the  1#  point  of  significance  (F«2.48) 


VARIETY  TEST,  KING  CITY,  CALIFORNIA,  1965 
(4  replications  of  each  variety)  By  Union  Sugar  Division 


Variety 

Acre  Yield 

Description 

Sugar 

Beets 

Sucrose 

Pounds 

Tons 

Percent 

413H8  1 

(562HO  X 

546) 

x  413 

7,620 

28.41 

13.5 

263TH2 '  1 

MS  of  NHL  x 

NB5)  x  663 

Tetra  6,880 

28.81 

12.0 

437H8  | 

562HO  X 

546) 

x  437 

6,070 

24.87 

12.3 

463H2  1 

[MS  of  NB1  x 

NB5)  x  663 

6,030 

21.98 

13.9 

464H12  1 

J563HO  X 

546) 

x  464 

5,990 

22.22 

13.5 

4539H12  1 

563HO  X 

546) 

x  NB7 

5,890 

24.48 

12.0 

4S39H8  ( 

562HO  X 

546) 

x  NB7 

5,830 

23.78 

12.3 

F64-425H8  ( 

[562HO  x 

546) 

x  3425 

5,720 

23.13 

12.3 

437H4  1  < 

[562H0  X 

569) 

X  437 

5,410 

20.86 

13.0 

4404H8  1 

562HO  X 

546) 

x  44o4 

5,260 

19.95 

13.2 

4539H9  1 

562H0  X 

549) 

x  NB7 

4,960 

21.24 

11.7 

472H4  ( 

[562H0  x 

569) 

x  472 

4,220 

15.46 

13.6 

General  MEAN 

of 

all  varieties 

* 

5,830 

22.93 

12.8 

S.  E.  of  MEAN 

4j^r 

i.89 

0.41 

Significant  Difference  (19:1) 

. 1,318 

5.44 

1.17 

Coefficient  of  Variation  {%) 

16.52 

6.37 

Odds  19:1  -  2.03  x  /if  x 

Standard  Error  of  MEAN 

VARIANCE  TABLE 

Degrees 

MEAN 

SQUARES 

Variation  due  to 

of 

Gross 

Tons 

Percent 

Freedom 

Sugar 

Beets 

Sucrose 

Between  varieties 

11 

3,018,754 

52.64 

2.23 

Between  replications 

3 

3,899,764 

40.26 

1.67 

Remainder  (Error) 

33 

842,782 

14.35 

0.66 

Total  47 

Calculated  F  value  3* 58** 

**  Exceeds  the  1$  point  of  significance  (F*2.82) 


3.67**  3.38** 
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VARIETY  TEST,  SAN  LUCAS,  CALIFORNIA,  19^5 


Grower  and  location:  Mesa  Farms  No.  2,  San  Lucas,  California. 

Soil  type:  Salinas  clay  loam. 

Previous  crops:  Dry  land  barley,  1962;  sugarbeets,  1963;  tomatoes,  1964. 

Fertiliser  used:  400  lbs.  per  acre  15:08:00,  preplant. 

500  lbs.  per  acre  20^  Aqua,  sidedressed. 

400  lbs.  per  acre  20 $  Aqua,  applied  in  two  applications 
through  sprinkler  irrigation  system. 

Planting  date:  February  25,  1965* 

Thinning  date:  April  15,  1965* 

Harvest  date:  October  26,  1965* 

Irrigations:  Eleven. 

Diseases  and  insects:  Moderate  infections  with  yellows  viruses  and 
Cercospora  leaf  spot  occurred  in  field  where  test  was  located. 

Leaf  miner  also  caused  some  damage. 

Experimental  design:  Twelve  varieties  in  a  randomized  block  design  with 
eight  replications.  Varieties  planted  on  double-row  beds  with 
40-inch  centers.  Plots  60  feet  long. 

Sugar  analysis:  From  two  ten-beet  samples  per  plot  by  Union  Sugar 
Division,  Betteravia,  California. 

Remarks:  Seed  was  furnished,  test  designed,  and  results  analyzed  by 

the  United  States  Agricultural  Research  Station,  Salinas,  California. 


V 


VARIETY  TEST,  SAN  LUCAS,  CALIFORNIA,  1965 


(8  replications  of  each  variety) 


By  Union  Sugar  Division 


Variety 

Description 

Acre 

Sugar 

Yield 

Beets 

Sucrose 

Thin 

Juice 

Purity 

Harvest 

Count 

Pounds 

Tons 

Percent 

Percent 

Number 

413H4  (562HO 

4 

X  569)  X  413 

9,580 

28.13 

17.0 

89.5 

149 

464H11  l 

l 563HO 

x  550)  x  464 

9,470 

28.26 

16.8 

90.8 

134 

F64-30H8  1 

[562HO 

x  546)  x  F64-30 

9,350 

27.29 

17.1 

90.8 

142 

464h8  < 

[562HO 

x  546)  x  464 

9,3'tO 

27.51 

17.0 

92.1 

147 

263TH4  1 

562HO 

x  569)  x  663  Tetra 

9,040 

27.00 

16.8 

91.0 

134 

F64-30H4  1 

[562H0 

x  569)  x  F64-30 

8,970 

26.51 

16.9 

90.9 

151 

464m4  1 

[ 563H0 

x  534)  x  464 

8,760 

26.08 

16.8 

90.9 

143 

F64-425H4  l 

'562H0 

x  569)  x  3425 

8,670 

25.59 

16.9 

91.8 

142 

4539H4  1 

J  562H0 

x  569)  x  NB7 

8,630 

25.92 

l6.6 

91. T 

144 

463H2  1 

MS  of 

NB1  x  NB5)  x  663 

8,420 

24.61 

17.1 

91.2 

l4l 

463H4  ( 

;562ho 

x  569)  x  663 

8,160 

24.84 

16.4 

91.4 

143 

4539KL1  (563HO 

x  550)  x  NB7 

8,040 

25.08 

16.0 

91.5 

151 

General  MEAN  of 


S.  E.  of  MElAN 

243 

0.65' 

-Lv^>  «  KJ 

0.14 

y-1-* 

0.54 

per 

Significant  Difference  (19:1) 

684 

1.84 

0.40 

N.'S. 

100’ 

Coefficient  of  Variation  (#) 

7.75 

3E 

2.42 

1.68 

row 

Odds  19:1  =  1.99  x  \[2  x  Standard  Error  of  MEAN 


VARIANCE  TABLE 


Variation  due  to 

Degrees 

of 

Freedom 

MEAN  SQUARES 

Gross  Tons  Percent  Percent 

Sugar  Beets  Sucrose  Purity 

Between  varieties 

11 

2,093,816 

12.53 

0.80 

3.55  • 

Between  replications 

7 

1,808,783 

17.13 

0.84 

4.6o 

Remainder  (Error) 

77 

472,080 

3.41 

0.17 

2.35 

Total 

95 

Calculated  F  value 

4.44** 

3.67** 

4.85** 

N.S. 

**  Exceeds  the  Vjo  point  of  significance  (F*2.48) 
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VARIETY  TEST,  BETTERAVIA,  CALIFORNIA,  1965 

Grower  and  location:  R.  N.  Winters,  Guadalupe,  California. 

Soil  type:  Sandy  loam. 

Previous  crops:  Beans,  1962  and  1963;  potatoes,  1964. 

Fertilizer  used:  500  lbs.  per  acre  NH,,  preplant. 

,  80  lbs.  actual  N,  applied  as  NH^,  per  acre  sidedressed. 

Planting  date:  February  5,  1965* 

Thinning  date:  March  31,  1965* 

Harvest  date:  October  28,  1965* 

Irr i gat ions:  Four . 

Diseases  and  insects:  Not  a  factor  in  the  test  plot. 

Experimental  design:  Eight  varieties  planted  in  an  8  x  8  latin  square 
design,  auad  results  analyzed  as  a  randomized  block.  Varieties 
planted  on  double-row  beds  with  40-inch  centers.  Plots  60  feet  long. 

Sugar  analysis:  From  two  ten-beet  samples  per  plot  by  Union  Sugar 
Division,  Betteravia,  California. 

Remarks:  Seed  was  furnished,  test  designed,  and  results  analyzed  by 
United  States  Agricultural  Research  Station,  Sadlnan,  California. 


VARIETY  TEST,  BETTERAVIA,  CALIFORNIA,  1965 
(8  replications  of  each  variety)  By  Union  Sugar  Division 


Variety 

Description 

Acre  Yield 

Sugar  Beets 

Sucrose 

Harvest 

Count 

Pounds 

Tons 

Percent 

Number 

46410.4 

(563HO  x  534)  x  464 

8,580 

29.04 

14.8 

135 

464H11 

(563HO  x  550)  x  464 

7,870 

27.87 

14.1 

137 

464H8 

(562HO  x  546)  x  464 

7,520 

26.45 

14.2 

136 

463H4 

(562HO  x  569)  x  663 

7,410 

25.14 

14.7 

117 

F64-30H4 

(562HO  x  569)  x  F64-30 

7,120 

24.83 

14.4 

134 

463H2 

(MS  of  NB1  x  NB5)  x  663 

6,890 

23.34 

14.8 

143 

4539H11 

(563HO  x  550)  x  NB7 

6,770 

24.67 

13.7 

145 

4539H4 

(562HO  x  569)  x  NB7 

6,270 

22.89 

13.7 

125 

General  MEAN  of 

all  varieties 

7,300 

25.53 

14.3 

Beets 

S.  t.  of  MEAN 

252 

O.81 

0.15 

per 

Significant  Difference  (19:1) 

714 

2.30 

0.44 

100  ‘ 

(inefficient  of  Variation  (^) 

9.75 

8.99 

3.05 

row 

Odds  19:1 

®  2.0  x  \[2 x  Standard  Error  of  MEAN 

VARIANCE 

!  TABLE 

Degrees 

M 

E  A  N  i 

SQUARES 

Variation  due  to  of 

Gross  Tons  Percent 

Freedom 

Sugar  Beets  Sucrose 

Between 

varieties  7 

4,063,690  36.34  1.54 

Between 

replications  7 

347,848  7.34  O.63 

Remainder  (Error)  49 

506,380  ; 

5.27  0.19 

Total  63 

Calculated  F  value  8.02**  6.90**  8.11** 


**  Exceeds  the  1#  point  of  significance  (F*3.02) 
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DATA  ON  U.S.D.A. 

VARIETIES 

TESTED  BY  SPRECKELS  SUGAR  COMPANY, 

1965 

TEST  AREAS: 

D 

EL  PA 

S  0 

DAVIS 

1/ 

Sugar 

Beets 

— V 

Sugar 

Beets 

~T~ 

Variety 

T/Ac. 

T/Ac. 

Sugar 

T/Ac. 

T/Ac. 

Sugar 

463H12 

3.610 

32.03 

11.3 

463H8 

3.492 

30.95 

11.4 

363H8 

O.76O 

4.85 

15.7 

263TH4 

3.^57 

34.34 

10.1 

US  HT 

3.364 

29.91 

11.4 

O.963 

6.40 

15.2 

3425H4 

3.361 

31.05 

10.8 

364h4 

3.346 

29.20 

11.4 

464m4 

3.225 

30.01 

10.8 

us  h6 

3.172 

28.05 

11.4 

1.229 

8.37 

14.8 

463ml 

3.148 

29.02 

10.9 

4539H8 

2.888 

26.83 

10.7 

3539H8 

0.442 

2.95 

15.5 

3539HT 

0.470 

3.14 

14.9 

3539m 

2.781 

25.37 

11.0 

0.651 

4.32 

l4. 2 

us  H8 

2.759 

24.23 

11.4 

0.483 

3.12 

15.5 

4539H1 

2.391 

23.20 

10.4 

549H3 

2.341 

20.63 

11.4 

363H9 

1.101 

7.34 

15.4 

363HT 

0.805 

5.4o 

15.2 

3539H9 

0.586 

3.91 

15.0 

GENERAL  MEAN 

3.151 

28.58 

11.1 

0.894 

5.97 

15.1 

LSD  @  P  *  .05 

0.624 

5.79 

0.71 

0.50 

3.39 

N.S. 

LSD  @  P  =  .01 

0.829 

7.69 

0.94 

0.66 

4.52 

N.S. 

S  E  of  Mean 

0.222 

2.06 

0.24 

0.17 

1.19 

0.27 

S  E  $  of  Mean 

7.o4 

7.21 

2.20 

19.46 

19.93 

1.77 

No.  Var.  in  Test 

16 

16 

Planting  Date 

3-18-65 

4-25-64 

Harvest  Date 

9-22-65 

10-18-64 

Remarks : 

1/ 

—  Heavy  nematode 

infestation  in  field 

in  which  test  plot  was  located. 


-  40 


VARIETY  TEST,  LE  GRAND,  CALIFORNIA,  1965 
Spring  planted  By  Holly  Sugar  Corporation 

Acre  Yield  No. 

Variety  or  Gross  Tons  Percent  Beets 

Lot  No. _ Description _ Sugar  Beets  Sucrose  100*  Row 


464kl4 

(463HO  a 

:  534)  x  Cl64 

5678 

17.226 

16.48 

165 

263TH4 

569H3  x 

663T  (4n) 

5369 

16.957 

15.83 

158 

F64-30H4 

569H3  x 

C330 

5364 

16.753 

16.01 

147 

463H2 

US  h6 

m 

53^0 

16.381 

16.30 

157 

F64-425H4 

569H3  x 

C3425T  (4n) 

5327 

16.230 

16. 41 

162 

463KL1 

(563HO  a 

:  550)  x  663 

5131 

16.145 

15.89 

165 

L.4126 

US  h8 

4684 

15.398 

15.21 

145 

Gen.  Mean 

5247 

16.608 

15.80 

153 

SE  Mean 

208^ y 

.588 

.28 

LSD  (5%) 

577 

1.637 

.77 

SEM/Gen  Mean 

(*) 

3.96 

3.54 

1.76 

VARIATION  TABLI 

3 

Mean 

Square 

Variation 

Degrees 

of 

Tons 

Percent 

Due  ' 

to 

Freedom 

Beets 

Sucrose 

Variety 

35 

7.986 

1.67 

Replication 

8 

21.053 

5.39 

Error 

280 

3.H5 

.69 

Total 

323 

Calc 

.  F 

2.56** 

2.41** 

**  Exceeds  1$  level  I.69 
A/  Short  Cut  Formula 

Plot  Size:  2  rows  (30")  x  53'  planted  -  2  rows  x  50'  harvested 
Design:  6x6  triple  lattice  analyzed  as  randomized  block 

Planted:  3/10/65 
Harvested:  8/30/65 

Harvest:  Tons  -  entire  plot:  Sucrose  2  25-lb.  samples  per  plot 

Remarks:  Some  tip  and  crown  rot  along  with  lots  of  watergrass.  Good 
results  under  these  test  conditions. 

The  above  results  were  extracted  from  a  test  of  36  varieties. 
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VARIETY  TEST,  TULARE,  CALIFORNIA,  1965 
Spring  planted  By  Holly  Sugar  Corporation 


Variety  or 
Lot  No. 

Description 

Acre 

Gross 

Sugar 

Yield 

Tons 

Beets 

Percent 

Sucrose 

Percent 

Purity 

No. 

Beets 
100'  : 

263TH4 

569H3  x  C663T 

5935 

28.618 

10.37 

86.37 

181 

463H11 

(563HO  x  550)  x 

663 

5569 

25.975 

10.72 

88.65 

181 

F64-30H4 

569H3  x  C330 

5558 

24.599 

11.30 

88.53 

188 

464m4 

(463HO  x  534)  x 

164 

5506 

24.537 

11.22 

88.05 

177 

F64-425H4 

569H3  x  3425T 

5409 

26.157 

10.34 

88.23 

186 

4539ml 

(563HO  x  550)  X 

NB7 

5170 

23.246 

11.12 

88.74 

183 

463H2 

US  h6 

5118 

23.654 

10.82 

87.86 

179 

L.4126 

US  h8 

4963 

22.918 

IO.83 

88.35 

195 

Gen.  Mean 

5452 

24.585 

11.10 

88.23 

185 

SE  Mean 

250^/ 

.990 

.24 

.68 

LSD  (5$) 

670 

2.767 

.67 

NS 

SEM/Gen  Mean  ($) 

4.59 

4.03 

2.18 

.77 

VARIATION  TABLE 


Mean  Square 


Variation 

Due  to 

Degree 

Freedom 

Tons 

Beets 

Percent 

Sucrose 

Percent 

Purity 

Variety 

•  19 

15.349 

1.29 

3.74 

Replication 

8 

34.193 

14.11 

55.14 

Error 

152 

8.828 

.53 

4.14 

Total 

179 

Calc.  F 

1.74* 

2.45** 

NS 

*  Exceeds  5$  level  1.71 
**Exceeds  1$  level  2.12 
NS  Not  Significant 
A./  Short  Cut  Formula 

Plot  Size:  2  rows  (30”)  x  53'  planted  -  2  rows  x  50'  harvested 
Design:  4x5  rect.  lattice  -  9  reps  -  analyzed  as  randomized  block 

Planted:  2/12/65 

Harvested:  7/20/65 

Harvest:  Yield  -  entire  plot:  Sucrose  2  -  25-lb.  samples  per  plot 

Remarks:  A  good  test.  Low  sugars  probably  due  to  high  mitrate  amounts 
which  were  found. 

The  above  results  were  extracted  from  a  test  of  20  varieties. 
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VARIETY  TEST 

,  NORTH  TRACY, 

CALIFORNIA 

,  1965 

Spring  planted 

By  Holly  Sugar  Corporation 

Acre  Yield 

No. 

Variety  or 

Gross 

Tons 

Percent 

Beets 

Lot  No.  Descriptf 

on  Sugar 

Beets 

Sucrose 

100’  Row 

463H2  US  H6 

8180 

27.525 

14.86 

152 

L.4126  US  H8 

6918 

23.562 

14.68 

153 

Gen.  Mean 

8050 

26.852 

15.01 

150 

SE  Mean 

377^ 

1.164 

.27 

LSD  (5*) 

1049 

3.239 

.74 

SEM/Gen  Mean  ($) 

4.68 

4.33 

1.77 

VARIANCE  TABLE 

Mean 

Square 

Variation 

Degrees  of 

Tons 

Percent 

Due  to 

Freedom 

Beets 

Sucrose 

Variety 

4l 

36.452 

1.24 

Replication 

8 

145.803 

16.70 

Error 

328 

12.193 

.64 

Total 

377 

Calc.  F 

2.99** 

1.95** 

**  Exceeds  1$  level  1.64 
A j  Short  Cut  Formula 

Plot  Size:  2  rows  (30")  x  53’  planted  -  2  rows  x  50*  harvested 
Design:  6x7  rectangular  lattice  analyzed  as  randomized  block 

Planted:  March  30,  1965 

Harvested:  November  1,  1965 

Harvest:  Yield  entire  plot:  Sucrose  2  -  25-lb.  samples  per  plot 

Remarks:  Pretty  reliable  test  -  no  diseases-,  but  quite  a  bit  of  water- 
grass  throughout  test.  First  3  reps,  only  appeared  to  be 
out  of  N. 


The  above  results  were  extracted  from  a  test  of  42  varieties. 
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VARIETY  TEST,  BRAWLEY,  CALIFORNIA,  1964-1965 


Location:  U.  S.  Department  of  Agriculture,  Southwestern  Irrigation 
Field  Station.!/ 

Soil  type:  Holtville  silty  clay  loam. 

Previous  crops:  Barley,  1963;  fallow,  1964. 

Fertilizer  used:  44  lbs.  per  acre  phosphorus,  actual,  preplant. 

60  lbs.  per  acre  nitrogen,  actual,  preplant. 

88  lbs.  per  acre  nitrogen,  actual,  sidedressed 
December  10-11,  1964. 

Planting  date:  September  10-11,  1964. 

Thinning  date:  October  12-16,  1964. 

Harvest  dates:  Early  harvest,  April  20-22,  1965* 

Late  harvest,  June  9-10 ,  1965* 

Irrigations:  Early  harvest,  six. 

Late  harvest,  nine. 

Diseases  and  insects:  -Curly  top  and  yellows  viruses  infections  were 

light  in  the  1964-65  plots.  The  test  plot  was  sprayed  with  2  lbs. 
per  acre  Malathion  on  September  20  and  25  for  control  of  cabbage 
beetle  and  desert  flea  beetle.  Eight  ounces  per  acre  parathion 
sprayed  on  plots  September  29  for  beetle  control.  An  application 
of  Thimet,  10  percent  granular,  was  made  January  23,  1965  for 
control  of  green  peach  aphid. 

Experimental  design:  Sixteen  varieties  planted  in  a  4  x  4  balanced 
lattice  design,  repeated  once,  two-row  plots;  and  a  randomized 
block  test  of  12  varieties  with  ten  replications,  single-row  plots, 
for  early  harvest.  Ten  varieties  planted  in  a  10  x  10  Latin  square, 
two-row  plots,  for  late  harvest.  Rows  spaced  30  inches  apart.  Plots 
40  feet  long. 

Sugau:  analysis:  From  two  ten-beet  samples  per  plot  by  Holly  Sugar 
Corporation,  Brawley,  California. 

Remaurks:  Test  designed  and  results  analyzed  by  the  United  States 
Agricultural  Research  Station,  SauLinas,  California. 

i/  Plot  under  supervision  of  K.  D.  Beatty  stationed  at  Southwestern 
Irrigation  Field  Station,  Brawley,  California. 


44 


VARIETY  TEST,  BRAWLEY,  CALIFORNIA,  1965 


Planted:  September  10-11,  1964 

(10  replications  of  each  variety)  Harvested:  April  19-22,  1965 

(2  row  plots)  • 


Acre 

Yield 

Harvest 

Variety 

Description 

Sugar 

Beets 

Sucrose 

Count 

Pounds 

Tons 

Percent 

Number 

464H8  1 

(562HO  x  546)  x  464 

8,400 

24.68 

17.1 

155 

413H4  1 

562HO  x  569)  x  413 

8,380 

24.60 

17.1 

157 

363H8  1 

562HO  x  546)  x  663 

8,000 

22.89 

17.5 

146 

464H11  1 

( 563HO  x  550)  x  464 

7,780 

22.88 

17.0 

154 

F64-425H11  l 

[563HO  x  550)  x  3425 

7,720 

22.61 

17.1 

140 

363H7  l 

569HO  x  563)  x  663 

7,700 

22.48 

17.2 

147 

163H2  l 

MS  of  NB1  x  NB5)  x  663 

7,660 

22.41 

17.1 

152 

464m4  1 

(563HO  x  534)  x  464 

7,540 

21.88 

17.4 

144 

3539H8  I 

[562H0  x  546)  x  NB7 

7,460 

21.35 

17.6 

170 

F64-30H4  1 

562H0  x  569)  x  F64-30 

7,460 

21.89 

17.1 

149 

2539H4  1 

562H0  x  569)  x  NB7 

7,340 

21.00 

17.5 

156 

F64-425H4  I 

[562H0  x  569)  x  3425 

7,280 

21.11 

17.3 

152 

437H4  < 

[562HO  x  569)  x  437 

7,200 

21.11 

17.1 

162 

363H4  I 

562HO  x  569)  x  663 

7,160 

21.18 

17.0 

156 

3539H7  ( 

569HO  x  563)  x  NB7 

6,860 

20.05 

17.3 

143 

4539HII  ( 

’563HO  x  550)  x  NB7 

6,720 

18.84 

17.9 

150 

General  MEAN  of 

all  varieties 

7,540 

21.91. 

17.3 

Beets 

S.  E.  of  MEAN 

178 

0.54 

0.17 

per 

Significant  Difference  (19:1) 

4q8 

i.52 

0.47 

100' 

Coefficient  of 

Variation  (^) 

7.45 

3.05 

row 

Odds  19:1  «  1.979  x  >/2  x  Standard  Error  of  MEAN 

VARIANCE  TABLE 


Degrees 

MEAN  SQUARES 

Variation  due  to 

of 

Gross.  , 
Sugar-*' 

Tons 

Percent 

Freedom 

Beets 

Sucrose 

Between  varieties 

15 

0.55 

22.44 

0.67 

Between  replications 

9 

2.47 

134.05 

4.71 

Remainder  (Error) 

135 

0.079 

2.94 

0.28 

Total 

159 

Calculated  F  value 

6.95** 

7.64** 

2.42** 

**  Exceeds  the  1$  point  of  significance  (F«2.20) 

l/  Mean  squares  for  gross  sugar  computed  on  basis  of  tons  sugar  per 
acre. 
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VARIETY  TEST,  BRAWLEY,  CALIFORNIA,  19&5 


Planted:  September  10-11,  19$f 

(10  replications  of  each  variety)  Harvested:  April  19-22,  19^5 


(1  row  -QlQ- 

Variety 

isd 

Description 

Acre  Yield 

Sugar  Beets 

Sucrose 

Harvest 

Count 

Pounds 

Tons 

Percent 

Number 

413H8 

(562HO  x  546)  x  413 

8,880 

29.10 

15.3 

151 

437H8 

(562H0  x  546)  x  437 

8,420 

26.94 

15.6 

152 

437 

YRS  663 

8,320 

28.33 

l4.8 

145 

163H2 

(MS  of  NB1  x  NB5)  x  663 

8,280 

26.28 

15.8 

148 

263TH4 

(562HO  x  569)  x  66 3T 

8,100 

26.15 

15.5 

135 

F64-30H8 

(562HO  x  546)  x  F64-30 

7,800 

26.63 

15.3 

147 

413 

YRS  US  75 

7,420 

24.16 

15.4 

139 

F64-30 

YRS  US  75 

7,400 

23.85 

15.5 

135 

456H4 

(562H0  x  569)  x  456 

7,000 

21.78 

16.2 

147 

472H4 

(562H0  x  569)  x  472 

6,520 

18.83 

17.4 

147 

44o4h8 

•(562HO  x  546)  x  4404 

6,3^0 

19.15 

16.7 

136 

F57-68 

US  75 

6,120 

19.41 

15.8 

144 

General  MEAN  of 

all  varieties 

7,560 

24.14 

15.8 

Beets 

3.  E.  of  MEAN 

344 

1.19 

O.23 

per 

Significant  Difference  (19:1) 

,964 

3.34 

O.65 

100* 

Coefficient  of  Variation  (^>) 

i4.4o 

15.59 

4.67 

row 

Odds  19:1  **  1.984  x  '/2  x  Standard  Error  of  MEAN 


VARIANCE  TABLE 

Degrees  MEAN  SQUARES 


Variation  due  to  of  Gross 'Tons  Percent 

Freedom  Sugar-'  Beets  Sucrose 


Between  varieties 

11 

2.02 

129.04 

4.79 

Between  replications 

9 

0.0  6 

4.17 

1.96 

Remainder  (Error) 

99 

0.30 

14.16 

0.54 

Total 

119 

Calculated  F  value 

.  6.81** 

9.11** 

8.84** 

**  Exceeds  the  1$  point  of  significance  (F=2.^3) 

l/  Mean  squares  for  gross  sugar  computed  on  basis  of  tons  sugar 
Per  acre 
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VARIETY  TEST,  BRAWLEY,  CALIFORNIA,  19 65 

Planted:  September  10-11,  1964 

(10  x  10  Latin  Square)  Harvested:  June  9;  1965 


Variety 

Description 

Acre  Yield 

Sugar  Beets 

Sucrose 

Harvest 

Count 

Pounds 

Tons 

Percent 

Number 

464KL1  1 

J563HO  x  550)  x  464 

11,260 

33.83 

16.7 

152 

464H8  1 

[562HO  x  546)  x  464 

11,180 

33.47 

16.7 

161 

464m4  1 

563HO  x  534)  x  464 

10,840 

32.18 

16.8 

153 

2539H4  l 

562HO  x  569)  x  NB7 

10,660 

31.03 

17.2 

158 

163H2  1 

[MS  of  NHL  x  NB5)  x  663 

10,520 

32.39 

16.3 

160 

F64-425H11  < 

1 563HO  x  550)  x  3425 

10,440 

31.22 

16.7 

152 

363H7  1 

569HO  x  563)  x  663 

10,200 

30.24 

16.9 

158 

3539HT  < 

569HO  x  563)  x  NB7 

9,920 

29.26 

17.0 

154 

3539H8 '  1 

562HO  x  546)  x  NB7 

9,780 

28.47 

17.2 

167 

363H4  1 

[562HO  X  569)  x  663 

9,780 

29.49 

16.6 

159 

General  MEAN  of 


all  varieties 

10,460 

31.16 

16.8 

Beets 

S.  E.  of  MEAN 

231 

0.67 

0.10 

per 

Significant  Difference  (19:1, 

552" 

1.90 

0.29 

100’ 

Coefficient  of  Variation  (#) 

8-99 

6.82 

1.92 

row 

Odds  19:1  *  1.994  x  \f2  x  Standard  Error  of  MEAN 

VARIANCE  TABLE 


Degrees 

M  E  A 

N  SQUARES 

Variation  due  to 

of 

Freedom 

Gross^ j 
Sugar-7 

Tons 

Beets 

Percent 

Sucrose 

Between  varieties 

9 

0.73 

32.85 

0.80 

Between  replications 

9 

0.37 

15.06 

0.41 

Between  columns 

9 

0.32 

14.10 

1.00 

Remainder  (Error) 

72 

0.134 

4.52 

0.10 

Total 

99 

Calculated  F  value 

5.47** 

7.27*-* 

7.65** 

**  Exceeds  the  1$  point  of  significance  (F*2.6t) 

1 I  Mean  squares  for  gross  sugar  computed  on  basis  of  tons 
sugar  per  acre. 
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VARIETY  TEST,  EL  CENTRO,  CALIFORNIA,  1964-65 

i 

-  Grower  and  location:  Lerno  Brothers,  El  Centro,  California. 

I 

Soil  type:  Holtvllle  clay  loam. 

Previous  crops:  Alfalfa,  1962,  1963  and  1964. 

Fertilizer  used:  28  lbs.  per  acre  nitrogen,  actual,  preplant. 

55  lbs.  per  acre  phosphorus,  actual,  preplant. 

164  lbs.  per  acre  nitrogen,  actual,  sidedressed. 

Planting  date:  September  28,  1964. 

Thinning  date:  Late  November. 

Harvest  date:  July  8-9,  1965* 

Irrigations:  Twelve. 

Diseases  and  insects:  Only  mild  infections  of  virus  yellows  and  mosaic 
occurred  in  the  field  where  test  plot  was  located.  Plot  was  sprayed 
once  in  October  for  control  of  cutworm,  cabbage  beetle  and  desert 
flea  beetle. 

Experimental  design:  Eight  varieties  planted  in  an  8  x  8  Latin  square 
design.  Varieties  planted  on  double-row  beds  with  40-inch  centers. 
Plots  60  feet  long. 

Sugar  analysis:  From  two  ten-beet  samples  per  plot  by  Union  Sugar 
Division  Tare  Laboratory,  El  Centro,  California. 

Remarks:  Seed  was  furnished,  test  designed,  and  results  analyzed  by  the 
United  States  Agricultural  Research  Station,  Salinas,  California. 
Plot  planted,  observed  throughout  season  and  harvested  by  K.  D. 
Beatty,  Southwestern  Irrigation  Field  Station,  Brawley,  California, 
in  cooperation  with  Union  Sugar  Division. 
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VARIETY  TEST,  EL  CENTRO,  CALIFORNIA,  1965 
(8  replications  of  each  variety)  By  Union  Sugar  Division 


Variety 

Description 

Acre  Yield 
Sugar  Beets 

Sucrose 

Harvest 

Count 

Pounds 

Tons 

Percent 

Number 

464H11 

(563HO  x  550)  x  464 

14,520 

44.68 

16.3 

165 

464EL4 

(563HO  x  534)  x  464 

13,280 

39.95 

16.6 

168 

363HT 

(569HO  x  563}  x  663 

13,260 

40.35 

16.4 

176 

363H4 

(562H0  x  569)  x  663 

13,160 

39.78 

16.6 

181 

2539H4 

f 562H0  x  569)  x  NB7 

13,060 

38.41 

17.0 

174 

3539H8 

(562H0  x  546)  x  NB7 

12,940 

38.16 

17.0 

177 

163H2 

(MS  of  NB1  x  NB5)  x  663 

12,780 

38.75 

16.5 

171 

3539HT 

(569HO  x  563)  x  NB7 

12,400 

37.64 

16.5 

167 

ZCJM 


of 


all  varieties 

13,180 

39.72  16.6 

Beets 

S.  t.  of 

167 

0743  0712 

per 

Significant  Difference  (.l1 

520 

T733  OTIF 

100’ 

Coefficient  of'  Variation  ( 

_ 

3.59 

3.04  2.09 

row 

Odds  19:1  *  2.02  x  \[2 x  1 

3tandard  Error  of  MEAN 

VARIANCE  TABLE 

Degrees 

,  M  8/ 

AN  SQUARES 

Variation  due  to 

of 

Freedom 

Orosa-' 

Sugar 

Tons  Percent 

Beets  Sucrose 

Between  varieties 

7 

0.75 

39.37 

0.53 

Between  replications 

7 

0.18 

6.51 

0.43 

Between  columns 

7 

0.19 

8.42 

0.40 

Remainder  (Error) 

42 

0.056 

1.46 

0.12 

Total 

63 

Calculated  F  value 

• 

13.47** 

26.97** 

4.39** 

**  Exceeds  the  1$  point  of  significance  (IW3*10) 

l/  Mean  squares  for  gross  sugar  computed  on  basis  of  tons 
sugar  per  acre. 
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Seedling  Vigor  Rating:  Rating  from  0-10,  1  being  high 
Top  Vigor  Rating:  Rating  from  1-5,  5  being  high 
Plot  Size:  2  rows  (34")  x  53'  Planted  -  2  rows  x  50'  harvested.  Design:  8x8  Latin  Square. 
Planted:  September  l8,  1964.  Harvested:  July  13,  14,  1965*  Irrigated:  September  28,  1964. 
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Plot  Size:  2  rows  (3V’)  x  53’  planted  -  2  rows  x  5°’  harvested.  Design:  U  x  4  Triple  Lattice  - 
Planted:  9/l8/64.  Irrigated:  9/28/6^.  Harvested:  7/13-14/65.  Harvest:  Yield  -  entire  plot; 
Sucrose  2  -  25-lb.  samples  per  plot. 

Remarks:  Excellent  test. 

The  above  results  were  extracted  from  a  test  of  l6  varieties. 
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DEVELOPMENT  OF  THIPLOID  AKD  TETRAPLOID  SUGARBEETS 

B.  L.  Hammond 

Seed  increases  of  the  following  tetraploid  selections  are  being 
made:  585T  (F57-85T);  585HOTj  556^3?  (I56I-I6-7CIT);  550?T  (F59-509R-C  ); 
k^62T;  4^62H0T;  I515T  1547T;  330R-T;T£5R-T;  F58-  X 

554rrTj  and  p86rrT.  Seed  was  planted  in  Oregon  in  August  1965*  Steck- 
lings  will  be  brought  to  Salinas  in  March  1966  and  isolated. 

* 

In  September  1963,  34  grams  of  C..  seed  were  harvested  from  the 
type  0  mohogerm  inbred,  F61-515  (15157*  Some  of  the  seed  was  planted 
in  February  1965.  Fifty-five  tetraploid  plants  were  placed  under 
thermal  induction  in  April  for  a  seed  increase.  These  were  removed 
in  October  1965  and  are  now  being  selfed.  An  additional  planting  was 
made  in  November  1965  ^or  isolation  in  the  spring  of  1966  to  supplement 
material  of  this  selection  to  be  brought  from  Oregon.  Since  nearly  100 
percent  of  the  plants  have  red  hypocotyls,  this  inbred  should  be  of  value 
in  outcrossing  studies. 

Seedlings  of  the  vigorous  multigerm  inbred  1547  (from  NB5)  were 
colchicine -treated  in  July  1962  and  placed  under  thermal  induction  in 
October.  Twenty-eight  plants  had  green  hypocotyls j  and  20,  red  hypo- 
cotyls.  All  were  removed  from  the  coldroom  in  April  1963 ,  and  each 
class  interpollinated  separately.  In  September,  15  gms.  of  C,  seed 
were  harvested  from  plants  with  green  hypocotyls  and  26  gms.  from  plants 
with  red  hypocotyls.  For  the  purpose  of  securing  additional  seed  from 
plants  with  red  hypocotyls  for  use  in  outcross  studies,  a  second  plant¬ 
ing  of  colchicine -treated  seedlings  of  this  material  was  made.  Fifty- 
eight  plants  having  red  hypocotyls  were  placed  under  thermal  induction 
in  March  1963  and  removed  in  July  for  interpollination.  In  January 
1964,  29  gms.  of  CL  seed  were  obtained.  Ten  grams  of  seed  were  planted 
in  Oregon  in  August  1965  f°r  an  additional  seed  increase.  Forty  plants 
of  1547rrT  and  62  plants  of  2559-1RRT  were  placed  under  thermal  induc¬ 
tion  in  May  1965  and  removed  in  October  for  crossing.  Tetraploid 
plants  of  1547R-T  have  been  crossed  to  2423T  (T8  increase)  and  to 
2539T,  a  multigerm,  tetraploid  inbred  from  NB7. 

1  v 

In  July  1962,  pregerminated  seed  of  multigerm  586  was  colchicine- 
treated.  On  the  basis  of  cytological  observations,  62  plants  were 
selected  for  thermal  induction  and  placed  in  the  coldroom  in  December. 
They  were  removed  in  July  1963  and  interpollinated.  Twenty  plants  had 
green  hypocotyls  and  42* red  hypocotyls.  Twelve  gms.  of  seed  were 
obtained  from  plants  with  green  hypocotyls  and  18  from  the  red-hypocotyl 
plants.  This  selection  is  an  open-pollinated  multigerm.  It  is  high  in 
sucrose  percentage  but  low  in  root  yield.  Crosses  were  made  with  663T 
and  with  87IT  in  an  attempt  to  develop  a  tetraploid  topcross  parent 
with  good  tonnage  and  sucrose  percentage.  Seed  for  these  crosses  was 
planted  in  March  1964.  Plants  were  placed  under  thermal  induction  in 
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June  1964.  Additional  seed  of  586  was  planted  also  for  a  small 
seed  increase.  Twenty-one  plants  were  placed  under  thermal  induction 
in  May  1964.  These  were  removed  in  September  and  sib-crossed.  Seed 
was  planted  in  Oregon  in  August  1965  ^or  further  seed  increase. 

Colchicine-treated  seedlings  of  the  raultigerm  inbred  F59-509  (N®3) 
(5509T)  were  planted  in  August  1962  and  transplanted  to  pots  in  November. 
In  January  1963 ,  38  selected  C  plants  were  exposed  to  thermal  induction 
and  removed  in  July  for  sib  crossing.  Only  5*2  grams  of  seed  were  ob¬ 
tained,  some  of  which  were  planted  in  March  1964  for  seed  increase. 
ThirtyTeight  tetraploid  plants  were  placed  under  thermal  induction  in 
May.  Thirteen  of  these  were  removed  in  September  for  a  seed  increase. 
After  not  having  bolted  by  February  1965 ,  they  were  returned  to  the 
coldroom.  The  remaining  25  plants  were  removed  in  February  1965* 

Instead  of  using  these  in  crosses  as  was  planned,  seed  increases  are 
being  made  of  these  very  weak  inbreds.  All  plants  have  red  hypocotyls, 
a  characteristic  which  will  facilitate  studies  in  outcrossing  involving 
tetraploids  derived  from  self -fertile  diploid  inbreds. 

Pregerminated  seed  of  selection  F58-554  (NB4)  ware  treated  with 
colchicine  and  planted  in  October  1962.  They  were  transplanted  to  pots 
in  December  1962.  Seventy-four  selected  C  plants  were  placed  in  the 
coldroom  for  thermal  induction  in  March  19§3  and  removed  in  August  for 
interpollination.  Thirty-seven  gms.  of  seed  were  obtained.  Ten 
grams  of  seed  were  planted  in  Oregon  in  August  1965  for  a  seed  increase. 
This  selection  is  a  small -seeded,  multigerm  inbred.  All  plants  have 
green  hypocotyls. 

In  November  1962,  pregerminated  seed  of  selection  2539-1  was 
colchicine -treated.  Seedlings  were  potted  in  January  1963.  Sixty- 
seven  C  plants  selected  on  the  basis  of  cytological  examination  were 
placed  under  thermal  induction  in  May  1963  and  removed  in  August  for 
interpollination.  After  5  weeks  with  no  evidence  of  bolting,  these 
plants  were  returned  to  the  coldroom  for  further  thermal  induction. 

Plants  were  again  removed  from  the  coldroom  in  March  1964  and  later 
sib-crossed.  Forty-three  gms.  .  of  C..  seed  were  obtained.  Seed  of  this 
selection  was  planted  in  November  1964  for  crossing  to  1547.  This 
selection  is  a  multigerm  inbred  similar  to  NB1.  It  has  red  hypocotyls 
and  petioles,  a  character  which  will  facilitate  studies  in  outcrossing. 

Pregerminated  seed  of  selection  164. a  bolting  resistant  selection 
from  663,  was  colchicine-treated  in  June  1963.  Seventy-eight  selected 
C  plants  (68  with  red  hypocotyls  and  10  with  green  hypocotyls)  were 
placed  under  thermal  induction  in  September.  These  were  removed  in 
March  1964  and  interpollinated.  From  plants  with  red  hypocotyls  54 
gms.  of  good  seed  were  obtained.  It  is  doubtful  if  any  good  seed  was 
obtained  from  plants  with  green  hypocotyls.  seed  from  plants  with 
red  hypocotyls  was  planted  in  February  1965  for  seed  increase.  Plants 
were  placed  in  the  coldroom  in  April  1965  and  removed  in  October  1965. 
These  are  now  being  interpollinated. 
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One-hundred  fifty-five  colchicine -treated  seedlings  of  selection 
330  were  transplanted  to  pots  in  September  1963*  Seventy  of  these 
Xl6  with  green  hypocotyls  and  54  with  red  hypocotyls)  were  placed  in 
the  coldroom  for  thermal  induction  in  December  1963*  Plants  were  re¬ 
moved  from  the  coldroom  in  June  1964  and  sib-crossed.  Twenty-seven 
grams  of  C^  seed  were  produced  from  plants  with  red  hypocotyls;  -four 
grams  were  obtained  from  plants  with  green  hypocotyls.  Nineteen  grams 
of  seed  from  plants  with  red  hypocotyls  were  planted  in  Oregon  in 
August  1965  for  a  seed  increase.  Four  grams  of  seed  from  plants  with 
green  hypocotyls  were  planted  at  Salinas  in  September  1965  for  a  seed 
increatee.  Seventy-three  plants  were  obtained.  Selection  33°  is  a 
selection  from  the  self -sterile,  multigerm,  US  75,  and  is  yellows 
resistant. 

Colchicine -treated  seedlings  of  selection  952  were  planted  in 
July  1963  and  transplanted  to  pots  in  September.  Sixty-seven  desirable 
Cq  plants  were  selected  for  thermal  induction  in  January  1964.  This 
is  a  self -sterile,  type  0  selection  from  US  15.  Plants  were  removed 
from  the  coldroom  in  June  1964  and  later  interpollinated.  Eighteen 
grams  of  seed  were  obtained.  Twelve  grams  were  planted  in  Oregon 
in  August  1965  for  seed  increase.  An  additional  6  grams  were  planted 
at  Salinas  in  November  1965  to  supplement  seed  planted  in  Oregon. 

In  April  1964,  pregerminated  seed  of  the  self -fertile  multigerm 
3757  was  colchicine -treated.  One-hundred  fifty-five  seedlings  with 
red  hypocotyls  were  potted  in  May.  On  the  basis  of  cytological 
examination,  75  of  these  were  placed  under  thermal  induction  in 
July.  Thirty-three  seedlings  with  green  hypocotyls  were  potted  in 
June.  Nineteen  of  these  were  placed  in  the  coldroom  in  September. 

Plants  were  removed  in  March  1965  and  interpollinated.  Fifty -three 
grams  of  C,  seed  were  obtained  from  plants  with  red  hypocotyls  and 
11  grams  from  plants  with  green  hypocotyls.  This  selection  is  yellows 
resistant. 

Colchicine -treated  seedlings  of  the  self -fertile,  monogerm  inbred 
3534  planted  in  April  1964  were  potted  in  July.  Of  the  155  trans¬ 
planted,  70  were  selected  for  thermal  induction  in  October.  These 
were  removed  from  the  coldroom  in  June  1965  and  interpollinated. 

Seven  grams  of  C-  seed  were  harvested.  All  plants  have  green  hypo¬ 
cotyls.  This  selection  responded  well  to  the  0.3  percent  colchicine 
solution. 

Pregerminated  seed  of  the  self -fertile,  yellows -resistant  multi¬ 
germ  3716-18  was  colchicine-treated  and  planted  in  April  1964.  One- 
hundred  fifty-five  seedlings  were  transplanted  to  pots  in  June.  Fifty- 
two  plants  (mostly  poor  chimeras)  were  placed  in. the  coldroom  in  August. 
These  were  removed  in  April  1965  and  interpollinated.  Thirty-seven 
grams  of  C..  seed  were  produced.  All  plants  have  red  hypocotyls.  This 
selection  aid  not  respond  well  to  the  0.3  percent  colchicine  solution. 
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One-hundred  five  colchicine -treated  seedlings  of  selection  355° 
were  transplanted  to  pots  in  July  1964.  Sixty-eight  of  these  (indi¬ 
cating  good  response  to  the  0.3  percent  colchicine  solution)  were 
selected  for  thermal  induction  in  December.  These  were  removed  from 
the  coldroom  in  July  1965  and  selfed.  One  gram  of  seed  was  harvest¬ 
ed.  This  is  a  bolting  resistant,  monogerm  inbred. 

In  August  1964,  pregerminated  seed  of  selection  3753  was  colchicine- 
treated.  One-hundred  fifty-five  seedlings  were  transplanted  to  pots  in 
September.  On  the  basis  of  cytological  examination,  52  (including  some 
poor  chimeras)  were  selected  for  thermal  induction  in  November.  These 
were  removed  from  the  coldroom  in  July  1965  and  interpollinated.  Twenty- 
one  grams  of  seed  were  obtained.  This  is  a  yellows -resistant  raultigerm 
and  has  red  hypocotyls.  This  selection  did  not  respond  well  to  the  0.3 
percent  colchicine  solution. 

Pregerminated  seed  of  the  inbred  monogerm  4764  was  treated  with 
colchicine  and  planted  in  August  1964.  Seedlings  were  highly  infected 
with  root  rot.  Of  the  125  seedlings  transplanted  to  pots  in  November, 

21  had  green  hypocotyls.  Eighteen  C  plants  with  green  hypocotyls  and 
56  with  red  hypocotyls  were  placed  under  thermal  induction  in  February 
1965.  These  were  removed  in  July  and  selfed.  The  eighteen  plants  with 
green  hypocotyls  were  placed  in  an  isolation  chamber.  This  selection 
is  yellows -resistant. 

Germinating  seed  of  234,  a  self-sterile,  yellows -resistant  selection 
obtained  from  Dr.  Rietberg,was  colchicine -treated  and  planted  in  November 
1964.  Sixty-five  promising  chimeras  were  selected  for  thermal  induction 
in  August  1965*  23& has  both  green  and  red  hypocotyls. 

Colchicine-treated  seed  of  the  multigerm  4l3B  was  planted  in  November 
1964.  Seventy  promising  Cq  plants  were  placed  under  thermal  induction  in 
April  1965.  These  were  removed  in  November  1965  for  interpollinating. 

It  is  a  yellows -resistant  selection  from  US  75*  All  seedlings  have  green 
hypocotyls. 

Pregerminated  seed  of  the  multigerm,  inbred  selection  4704  was 
planted  in  November  1964.  It  is  also  resistant  to  virus  yellows .  Sixty- 
eight  desirable  chimeras  were  placed  in  the  coldroom  in  June  1965.  All 
plants  have  red  hypocotyls. 

Pregerminated  seed  of  the  monogerm  inbred  4806  from  F57-85  was 
colchicine -treated  and  planted  in  May  1965.  One-hundred  fifty-five  seed¬ 
lings  were  transplanted  to  pots  in  June  1965.  Sixty-eight  good  chimeras 
were  placed  under  thermal  induction  in  September  1965.  This  selection 
has  green  hypocotyls. 
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One-hundred  fifty  colchicine -treated  seedlings  of  selection  4742 
were  transplanted  to  pots  in  August  1965.  Seventy  plants  were  selected 
for  thermal  induction  in  October.  This  multigerm  inbred  has  red  hypo- 
cotyls  and  is  yellows  resistant. 

In  June  1965 ,  pregerminated  seed  of  selection  F6O-512  was  colchi¬ 
cine-treated.  One -hundred  fifty  seedlings  were  potted  in  September. 

This  is  a  bolting -resistant,  multigerm  inbred. 

Germinating  seed  of  4754,  a  yellows -resistant,  multigerm  inbred- 
selectioh,  was  colchicine -treated  in  August  1965  and  transplanted  to 
pots  in  November. 

562HO-T  X  1546-22T  (546-22H3T). --A  history  of  this  cross  was  given 
in  the  1963  report.  3T"planting  of  this  cross,  in  addition  to  one  of  the 
pollen-fertile  parent,  1546-22T,  was  made  in  Oregon  in  August  1964  for 
additional  seed  increases.  Stecklings  of  both  were  isolated  together 
at  Salinas  in  March  1965.  Fifty-six  grams  of  seed  were  harvested  from 
546-22H3T  and  44  grams  from  546-22T.  Plantings  of  these  2  lines  were 
repeated  in  Oregon  in  August  1965  for  additional  seed  increases  at 
Salinas. 

562HO-T  X  563T0 — Seedlings  of  the  male-sterile,  monogerm  inbred 
. line,  562HO-T  and  the  tetraploid  selection  of  156l-l6-7Cl  (563T)  were 
exposed  to  thermal  induction  in  July  1963,  moved  to  the  greenhouse  in 
February  1964  and  crossed.  A  number  of  the  pollen-fertile  parent, 

563T,  was  sib-crossed.  Thirty-two  gms.  of  seed  were  obtained  from 
562H0-T  X  563T  and  17  gms.  from  563T.  Plantings  of  both  classes  of 
seed  were  made  in  Oregon  in  August  1965  for  additional  seed  increases. 
The  diploid  form  of  the  latter  selection  has  been  made  available  through 
the  Foundation  as  C2563.  It  is  a  type  0  monogerm  and  highly  resistant 
to  curly  top. 

2423T  (T8  Increase)  X  I547T. — In  December  1963*  seed  of  2423T, 
together  with  seed  of  the  multigerm  inbred,  1547T,  was  planted  for 
the  purpose  of  making  crosses  between  these  two  selections.  2423T 
is  a  composite  seed  increase  of  a  number  of  T8-line  single- -plant  tetra¬ 
ploid  selections  derived  from  S£(US22/3  X  NBl).  Plants  were  pi iced 
under  thermal  induction  in  May  1964  and  removed  in  December  for  cross¬ 
ing.  The  gene  for  red  hypocotyl  in  1547T  was  to  be  used  in  identifying 
crosses.  Since  these  2  lines  are  self  fertile,  2423T  was  treated  with 
the  gametocide,  FW450,  in  an  attempt  to  increase  the  amount  of  hybrid 
seed.  FW450  has  been  used  at  this  station  with  some  success.  However, 
in  this  case  »~i  1  treated  plants  were  killed  and,  therefore,  no  seed  was 
obtained.  In  actual  field  tests,  line  2523T  has  not  shown  any  promise. 

87IT  X  O539T. — Seed  of  this  cross  will  be  planted  in  Oregon  in 
August  1966  for  an  additional  seed  increase. 
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2539T  X  1547T.— In  December  1963*  tetraploid  seed  of  the  multigerm 
inbred,  2539  (from  NB7),  together  with  seed  of  another  tetraploid,  multi 
germ  inbred,  1547T,  was  planted.  Plants  were  placed  under  thermal  indue 
tion  in  May  1964  and  removed  in  December  for  crossing.  A  very  small 
amount  of  seed  (46  seeds)  was  obtained  from  the  female  parent,  2539T, 
which  has  green  hypocotyls.  1547T  has  red  hypocotyls  and  this  gene  will 
be  used  in  identifying  crosses. 

F62-63T  X  586T. --Seed  of  the  multigerm,  F62-63T  (663T),  together 
with  seed  of  the  multigerm  586T,  was  planted  in  March  1964.  Plants  were 
placed  under  thermal  induction  in  June  1964.  They  were  removed  in  Feb¬ 
ruary  1965  and  cross  pollinated.  Seven  grams  of  seed  were  harvested 
from  the  female  parent,  F62-63T,  which  has  green  hypocotyls.  The  gene 
for  red  hypocotyls  in  586T  will  be  used  in  identifying  crosses.  586 
is  high  in  sucrose  percentage  but  low  in  root  yield.  This  cross  was 
made  in  an  attempt  to  develop  a  tetraploid  top -cross  parent  with  good 
tonnage  and  sucrose  percentage. 

271T  X  586T. --This  cross  also  is  being  made  with  the  view  of 
developing  a  tetraploid  top -cross  parent  with  good  tonnage  and  sucrose 
percentage.  271T  is  a  type  0  multigerm.  Seed  was  planted  in  March 
1965.  The  plants  were  placed  under  thermal  induction  in  June  1964 
and  removed  in  January  1965  and  cross  pollinated.  Eleven  grams  of 
seed  were  obtained  from  the  female  parent,  271T,  which  has  green  hypo¬ 
cotyls.  586T  has  red  hypocotyls,  and  this  gene  will  be  used  in  identi¬ 
fying  crosses. 

1547T  X  2559-IT. — Seed  of  the  multigerm  inbred  1547,  together  with 
seed  of  the  multigerm  inbred  2559-1T,  was  planted  in  November  1964  for 
crossing.  Thirty-nine  plants  of  1547rrT  and  64  plants  of  2559-1 RRT 
were  placed  in  the  coldroom  in  the  spring  of  1965.  These  were  removed 
in  September  1965  and  are  now  being  cross  pollinated. 

562HO-T  X  4546-48T  (5546-48H3T). --Seed  of  the  male-sterile  line, 
562HO-T,  and  of  the  type  0  monogerm  inbred,  4546-48T,  was  planted  in 
Oregon  in  August  1964  for  the  purpose  of  obtaining  another  male -sterile 
tetraploid  line  for  use  with  diploid  pollinators.  Stecklings  of  these 
two  lines  were  isolated  together  at  Salinas  in  March  1965.  Forty-nine 
grams  of  seed  were  harvested  from  546-48H3T  and  267  grams  from  546-48T. 
Plantings  of  these  2  lines  were  repeated  in  Oregon  in  August  1965  for 
additional  seed  increases  at  Salinas. 

The  finding  of  a  haploid  sugarbeet  was  reported  in  1963.  The 
number  of  plants  was  increased  by  vegetative  propagation  of  flower- 
stalk  cuttings  and  grafts  of  root-crown  cuttings.  Fertile,  homozygous 
seed  was  obtained  by  the  application  of  colchicine  in  the  leaf  axils 
of  the  crown  where  flower  stalks  were  beginning  to  form.  A  high  per¬ 
centage  of  the  seed  was  diploid,  from  which  a  seed  increase  of  more 
than  !§•  pounds  was  made  in  the  greenhouses  during  the  summer  of  1965. 
Seed  was  also  planted  in  Oregon  in  August  1965  for  an  additional  seed 
increase  in  isolation  there.  (See  1964  Report,  page  64.) 
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Additional  seed  increases  of  the  tetraploid  form  of  the  monogerm, 
inbred  0546-36  have  been  made.  Earlier  reports  indicated  that  the 
tetraploid  form  of  this  selection  was  highly  resistant  to  the  two- 
spotted  mites  in  the  Salinas  greenhouses,  whereas  the  diploid  form 
was  highly  susceptible. 

Test  Reports, — The  two-spotted  mites  in  the  Salinas  greenhouses 
are  becoming  increasingly  resistant  to  acaricide  spray  mixtures.  In 
view  of  this,  some  of  the  systemic  miticides  are  being  tested.  Pre¬ 
liminary  'experiments  with  UC  21149  10^  Granular  are  showing  consider¬ 
able  promise.  This  is  a  product  manufactured  by  Union  Carbide  Corpora¬ 
tion  and  is  obtainable  at  this  time  only  for  experimental  purposes. 

Only  a  small  quantity  ( 0.1-0. 2  gram)  was  needed  per  6-inch  pot.  Amounts 
much  greater  than  this  caused  a  severe  burning  of  the  leaf  margins.  The 
material  is  rather  light  and,  for  this  reason,  it  was  buried  in  an  open¬ 
ing  beneath  the  surface  of  the  soil  in  each  pot  to  avoid  its  being  washed 
away.  The  effects  of  the  miticide  became  evident  in  5  or  6  days  after 
treatments,  when  only  dead  or  dying  mites  were  observed.  No  live  mites 
were  observed  on  the  plants  3  weeks  after  treatment  (at  the  time  this 
report  was  written).  Since  this  systemic  miticide  has  been  found  effec¬ 
tive  also  in  controlling  aphis,  its  use  in  isolation  chambers  would  be 
worthy  of  consideration. 

A  preliminary  experiment  with  the  commercially  available,  systemic 
miticide,  Thimet  (Cyanamid  Corporation),  did  not  show  any  promise  in 
controlling  mites  in  the  Salinas  greenhouses.  Applications  were  made 
in  accordance  with  instructions  for  its  use  at  the  Cotton  Field  Station 
in  Shafter,  California  where  it  was  found  effective  in  controlling  their 
mites  on  potted  cotton  plants.  Stronger  applications  than  those  rec¬ 
ommended  will  be  used  in  further  trials  at  Salinas. 
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PROGRESS  IN  BREEDING  FOR  YELLOWS  RESISTANCE 
J.  S.  McFarlane,  I.  0.  Skoyen,  and  R.  J.  Hecker 

Work  was  continued  in  1965  to  select  breeding  lines  with  improved 
resistance  to  yellows.  Selections  made  in  previous  years  were  evaluated 
for  resistance  in  tests  at  Davis,  California.  Hybrids  utilizing  yellows - 
resistant  selections  as  the  pollen  parent  were  included  in  variety  tests 
grown  under  severe  yellows  conditions  and  under  conditions  relatively 
free  of  yellows. 


Plans  and  Procedures 

Three  evaluation  tests  were  planted  at  Davis,  California,  on 
May  12,  1965*  The  first  test  included  nine  open-pollinated  selections 
which  had  been  made  at  Salinas  on  the  basis  of  root  size  and  freedom 
from  yellowing.  Two  selections  from  US  75  made  by  Dr.  J.  M.  Fife  on 
the  basis  of  amino-acid  ratio  and  root  size  were  included.  The  test 
also  included  the  parental  lines  from  which  the  selections  had  been 
made  and  a  yellows -resistant  selection  from  The  Netherlands. 

A  second  test  included  ten  inbred  lines  selected  for  yellows 
resistance.  Nonselected  inbreds  and  male  steriles  commonly  used  in 
.hybrid  varieties  were  also  tested.  The  third  test  was  designed  to  test 
hybrids  involving  both  open-pollinated  and  self -fertile  yellows -resist¬ 
ant  selections.  In  each  hybrid,  the  seed-bearing  parent  was  a  male- 
sterile  monogerm  which  had  not  been  selected  for  yellows  resistance. 

A  modified  split-plot  design  was  used  for  all  tests.  The  treat¬ 
ments,  consisting  of  a  noninoculated  check  and  a  combination  beet  and 
we stern -yellows  inoculation,  were  arranged  in  randomized  strips  across 
each  of  five  replications.  The  variety  subplots  were  two  rows  wide  and 
4l  feet  long.  In  the  first  test  the  parental  groups  were  randomized 
within  the  replications,  and  the  selections  or  varieties  randomized 
within  the  parental  groups.  The  entries  in  tests  two  and  three  were 
arranged  at  random.  Stand  counts  were  made  following  thinning  and 
plant  populations  adjusted  so  that  a  similar  number  of  plants  remained 
in  the  inoculated  and  noninoculated  plots  of  any  given  entry  in  each 
replication.  Difficulties  were  experienced  with  aphid  production  and 
inoculations  were  not  made  until  August  5>  about  one  month  later  than 
in  previous  years.  The  plants  were  very  large  with  roots  about  three 
inches  in  diameter.  Inoculations  were  with  a  virulent  (Brawley)  strain 
of  beet  yellows  and  a  virulent  strain  of  western  yellows.  A  high  per¬ 
centage  of  the  plants  in  the  inoculated  plots  became  infected.  Some 
scattered  infection  with  mosaic  and  yellows  occurred  in  the  check  plots. 
The  tests  were  harvested  October  25-27. 


Selections  for  yellows  resistance  were  made  at  Salinas  from  beets 
planted  February  18  and  April  28.  The  February  planting  included  both 
open-pollinated  and  inbred  lines  which  had  been  selected  for  yellows 
resistance  in  previous  years.  F^  populations  from  crosses  between 
yellows -resistant  selections  and  monogerm  inbreds  were  also  included. 

The  April  planting  included  blocks  of  the  bolting-resistant  selection 
2 64  and  of  the  yellows -resistant  selection  234.  Tnis  planting  was 
planned  as  the  commencement  of  a  reciprocal  recurrent  selection  program. 
The  selection  264  was  thinned  to  a  normal  spacing  of  about  eight  inches, 
but  thin  stands  necessitated  a  spacing  of  24-30  inches  in  234.  The 
February  planting  was  inoculated  May  13  and  the  April  planting.  June  21. 
The  same  combination  of  viruses  was  used  as  in  the  Davis  tests.  Aphid 
populations  were  high  during  the  early  spring,  and  natural  infection 
with  yellows  occurred  prior  to  inoculation  in  the  March  planting. 

Hybrids  utilizing  yellows -resistant  selections  as  pollen  parents 
were  produced  in  1964.  These  hybrids  were  included  in  1965  variety 
tests  at  Salinas,  King  City,  San  Lucas,  and  Brawl ey.  Yellows  infection 
was  heavy  in  the  Salinas  and  King  City  tests,  moderate  in  the  San  Lucas 
test,  and  light  in  the  Brawley  test. 

Results  and  Discussion 

Favorable  conditions  existed  for  emergence  in  the  Davis  tests,  and 
good  stands  were  obtained  with  nearly  all  entries.  A  fertility  gradient 
occurred  from  the  top  to  the  bottom  of  the  field.  This  gradient  affected 
the  severity  of  yellowing  and  also  caused  a  variation  in  root  yield  from 
one  end  of  the  field  to  the  other.  The  month’s  delay  in  inoculation 
resulted  in  reduced  stunting  and  a  smaller  root -yield  loss  from  yellows 
than  occurred  in  previous  tests. 

The  root -yield  losses  averaged  11  percent  for  the  selections,  11 
percent  for  the  hybrids,  and  17  percent  for  the  inbreds.  In  the  1964 
test,  root-yield  losses  averaged  31  percent  for  the  selections,  30  per¬ 
cent  for  the  hybrids,  and  28  percent  for  the  inbreds.  The  1965  losses 
were  less  than  one-half  the  magnitude  of  the  1964  losses  even  though  a 
more  virulent  strain  of  the  beet-yellows  virus  was  used.  These  results 
substantiate  earlier  findings  that  the  age  of  the  plant  at  the  time  of 
infection  has  an  important  bearing  on  the  amount  of  damage  produced. 

Even  though  varietal  differences  in  percentage  root-yield  loss 
were  not  significant  in  the  1965  tests,  the  results  demonstrate  that 
progress  has  been  made  in  developing  breeding  lines  which  perform  well 
when  infected  with  yellows.  The  most  extensive  work  has  been  with  se¬ 
lections  from  US  75*  Four  US  75  selections,  based  on  root  size  and 
freedom  from  yellowing,  were  included  in  the  Davis  test  as  were  two  se¬ 
lections  made  by  Dr.  J.  M.  Fife  on  the  basis  of  root  size  and  amino- 
acid  pattern  (table  l).  Selections  413  and  430  originated  from  US  75 
but  were  separated  in  the  fourth  cycle  of  selection.  430A  was  separated 
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from  430B  in  the  fifth  cycle  of  selection.  Likewise ,  4l3A  was  separated 
from  4l3B  in  the  fifth  cycle  of  selection.  The  4l3A  selection  showed 
the  greatest  promise  with  a  root-yield  advantage  of  4.7  tons  per  acre 
in  the  inoculated  plots  over  US  75*  Sucrose  determinations  were  not 
made  at  Davis. 

The  1965  Davis  tests  failed  to  provide  new  information  on  the  rela¬ 
tive  yellows  resistance  of  inbred  selections  (table  2).  Highly  signif¬ 
icant  differences  in  root-yield  losses  were  observed  among  inbreds  in 
1964. 


Root  yields  of  three-way  hybrids  involving  yellows -resistant  selec¬ 
tions  were  high  in  both  the  inoculated  and  noninoculated  plots  at  Davis 
(table  3).  These  hybrids  were  also  included  in  five  California  variety 
tests  and  the  results  are  summarized  in  tables  4  and  5»  Complete  results 
may  be  found  in  Part  II,  "Development  and  Evaluation  of  Inbred  Lines  and 
Hybrid  Varieties  of  Sugarbeets  Suitable  for  California."  Hybrids  with 
4l3C  showed  the  greatest  promise.  4l3C  is  the  fifth  successive  yellows - 
resistant  selection  from  US  75  and  is  the  line  from  which  4l3B  was  se¬ 
lected.  Not  only  did  these  hybrids  perform  well  in  the  coastal  valleys 
when  infected  with  yellows,  but  they  also  yielded  well  in  the  Imperial 
Valley  under  relatively  yellows  free  conditions.  The  sucrose  percentage 
of  these  hybrids  was  satisfactory  even  though  4l3C  had  been  selected 
primarily  on  the  basis  of  root  size. 

In  four  California  variety  tests  the  root  yield  of  4l3H4  was  3*3 
to  5*9  tons  per  acre  higher  than  the  yield  of  US  H7  (table  6).  The 
sucrose  percentage  of  the  two  hybrids  was  similar  in  three  tests  and 
significantly  higher  for  4l3H4  in  the  third  test.  Tests  at  Salinas  and  at 
Thatcher,  Utah,  showed  4l3H4  to  be  equal  or  superior  to  US  H7  in  bolting 
and  curly -top  resistance.  US  H7  and  413H4  have  a  common  monogerm  seed¬ 
bearing  parent,  562HO  x  569* 

Hybrids  involving  the  selection  330  yielded  well,  but  the  results 
were  less  promising  than  with  4l3C  (tables  4  and  5)»  330  is  a  fifth 

successive  selection  from  US  75  and  is  the  line  from  which  430B  was 
selected.  The  437  hybrids,  which  utilized  a  yellows -resistant  selec¬ 
tion  from  663  as  the  pollen  parent,  failed  to  show  any  superiority  in 
the  1965  tests. 

Selections  based  on  freedom  from  yellowing,  root  size,  and  sucrose 
percentage  were  made  from  the  February  planting  at  Salinas.  Particular 
emphasis  was  placed  on  a  selection  from  4l3B.  This  line  showed  less 
yellowing  following  inoculation  with  yellows  than  did  other  selections. 
The  roots  were  large, with  considerable  variation  in  root  size  and  sucr¬ 
ose  percentage.  Selections  based  on  root  size  and  sucrose  percentage 
were  also  made  from  264  and  234  in  the  April  28  planting. 
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Table  1.  Comparison  of  the  root  yield  of  yellows  inoculated  sugar- 
beet  selections  with  non -inoculated  checks  at  Davis,  California, 
in  1965. 


Selection 

Description 

Acre 

Check 

Yield 

Inoc. 

Harvest 

Check 

Count 

Inoc. 

Tons 

Tons 

Number 

Number 

4l3A 

6th  YRS  US  75 

31.92 

28.18 

146 

150 

4l3B 

6th  YRS  US  75 

30.39 

27.98 

139 

138 

433A 

2nd  YRS  663 

33.17 

27.98 

142 

137 

430B 

6th  YRS  US  75 

29.73 

27.61 

134 

134 

U37A 

2nd  YRS  663 

31.98 

27.38 

135 

l4l 

419 

4th  YRS  55-RF-393 

30.17 

27.33 

149 

148 

421B 

4th  YRS  671 

29.21 

26.37 

129 

125 

430A 

6th  YRS  US  75 

28.26 

24.98 

133 

135 

413DS-23 

1st  YRS  US  75  (Fife) 

26.01 

24.20 

135 

132 

438 

2nd  YRS  F57-85 

26.29 

23.61 

127 

127 

F57-63 

Inc.  of  663 

27.67 

23.53 

139 

142 

F57-68 

US  75 

27.04 

23.47 

132 

129 

234 

YRS  from  Rietberg 

24.89 

23.26 

109 

99 

122RS-C 

2nd  YRS  US  75  (Fife) 

24.94 

23.21 

133 

126 

671 

Type  0  line 

25.16 

22.05 

126 

126 

F5T-85 

Type  0  US  75 

19.00 

17.30 

117 

116 

L.S.D.  (5$) 

2.22 

1.95 

Beets  per 

100 '  row 
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Table  2.  Comparison  of  the  root  yield  of  yellows  inoculated  sugar- 
beet  inbreds  with  non-inoculated  checks  at  Davis,  California,  in 

1965. 


Inbred 

Description 

Acre 

Check 

Yield 

Inoc. 

Harvest 

Check 

Count 

Inoc. 

Tons 

Tons 

Number 

Number 

4T3^A 

YES  (927-35  x  5577-2) 

28.72 

25.40 

132 

132 

4716-18 

YRS  (US56  x  NBl) 

23.60 

20.80 

125 

134 

4760 

YRS  (911  x  9717-4) 

22.93 

19.85 

126 

119 

3763 

YRS  8583  mm  inbred 

18.82 

16.86 

127 

133 

0539 

NB7 

20.25 

16.37 

125 

118 

4757A 

YRS  (911  x  9716-4) 

19.63 

16.09 

127 

122 

4716-6 

YRS  (US56  x  NBl) 

18.32 

15.90 

135 

135 

F56-511 

NB2 

19.61 

15.70 

118 

121 

4754A 

YRS  (671-22  x  9716-10) 

18.88 

15. 51* 

128 

130 

4753A 

YRS  (671  x  9716-4) 

17.90 

15.46 

131 

132 

F61-562HO 

MS  of  562 

17.94 

14.91 

129 

129 

F58-502HO 

MS  of  NBl 

18.06 

14.90 

124 

123 

4742 

YRS  (928-9  x  5502) 

16.19 

14.63 

132 

129 

3740 

YRS  (928-3  x  5502) 

15.56 

14.40 

120 

121 

L.S.D.  (5 $) 

2.47 

2.20 

Beets  per 

100'  row 
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Table  3«  Comparison  of  the  root  yield  of  yellows  inoculated 
sugarbeet  hybrids  with  non inoculated  checks  at  Davis,  California, 
in  1965. 


Hybrid 

Description 

Acre  Yield 

Check  Inoc. 

Harvest 

Check 

Count 

Inoc. 

Tons 

Tons 

Number 

Number 

413H8 

(562HO  X 

546) 

x  13 

33.10 

30.33 

121 

134 

4716H3 

562HO  X 

716 

32.22 

30.28 

134 

131 

P64-30H8 

(562HO  X 

546) 

x  30 

31.11 

28.58 

126 

134 

437H8 

(562HO  X 

546) 

x  37 

32.64 

28.45 

i4o 

143 

F64-30H4 

(562HO  X 

569) 

x  30 

30.09 

28.10 

142 

143 

413H4 

(562H0  X 

569) 

x  13 

31.46 

27.39 

138 

134 

463H8 

(562H0  X 

5^6) 

x  663 

31.57 

27.06 

142 

144 

4T54H3 

562HO  X 

754 

27.09 

26.78 

134 

139 

437H4 

(562HO  X 

569) 

X  37 

30.53 

26.60 

142 

l4l 

4539H4 

(562H0  X 

569) 

x  NB7 

29.04 

25.81 

l4l 

147 

463H4 

(562H0  X 

569) 

x  663 

30.39 

25.48 

142 

l4o 

4T53H3 

562H0  X 

753 

29.59 

25.15 

133 

135 

4T5TH3 

562HO  X 

757 

28.85 

24.74 

130 

134 

F64-569H3 

562HO  X 

569 

20.75 

18.31 

l4o 

145 

L.S.D.  (5#) 

3.10 

2.41 

Beets  per 

100'  row 

67 


Table  Gross  sugar  yields  of  yellows -resistant  hybrids  in 
1965  California  variety  tests,  expressed  in  percent  of  the 
yield  of  US  H6. 


Location 

13H4 

13H8 

30H4 

30H8 

37H4 

37H8 

Salinas  -  Nov. 

104 

121 

106 

118 

89 

98 

Salinas  -  Dec. 

110 

109 

100 

102 

96 

96 

King  City 

116 

126 

99 

109 

90 

101 

San  Lucas 

114 

- 

107 

111 

- 

- 

Brawley 

109 

107 

97 

94 

94 

102 

Table  5«  Sucrose  percentage  of  yellows -resistant  hybrids  in 
1965  California  variety  tests,  expressed  in  percent  of  the 
yield  of  US  H6. 

Location 

13H4 

13H8 

30H4 

3OH8 

37H4 

37H8 

Salinas  - 

Nov. 

100 

101 

100 

103 

98 

97 

Salinas  - 

Dec. 

96 

101 

99 

101 

99 

100 

King  City 

103 

97- 

98 

99 

94 

88 

San  Lucas 

99 

- 

99 

100 

- 

- 

Brawley 

100 

97 

100 

97 

100 

99 

13H4  = 

(562H0 

X 

569)  X 

413C 

3OH8 

=  (562HO 

x  546)  x 

330 

13H8  = 

(562H0 

X 

546)  x 

413C 

37H4 

=  (562HO 

x  569)  x 

!+37 

30H4  = 

(562HO 

X 

569)  x 

330 

37H8 

=  (562HO 

x  546)  x 

43T 
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Table  6.  Comparison  of  the  performance  of  a  hybrid  produced 
with  a  yellows -resistant  pollen  parent  and  US  H7  in  four  1965 
variety  tests. 


Location 

Variety 

Acre 

Sugar 

Yield 

Beets 

Sucrose 

Pounds 

Tons 

Percent 

Brawl ey 

413H4 

8380 

24.60 

17.1 

US  H7 

7160 

21.18 

17.0 

L.S.D.  (5#) 

498 

1.52 

0.47 

King  City 

413H4 

69OO 

24.67 

14.0 

US  H7 

5670 

20.38 

13.9 

L.S.D.  (5 1o) 

766 

2.20 

0.80 

San  Lucas 

413H4 

9580 

28.18 

17.0 

US  H7 

8l60 

24.84 

16.4 

L.S.D.  (5$) 

684 

1.84 

o.4o 

Salinas 

413H4 

11,640 

38.07 

15.3 

us  H7 

10,060 

32.18 

15.7 

L.S.D.  (5#) 

940 

3.65 

N.S. 

413H4  =  (562HO  x  569)  x  413c 
US  H7  =  (562HO  x  569)  x  663 
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Effect  of  Virus  Yellows  on  Guard  Cell  Chloroplasts 

in  Sugarbeets 


Richard  J.  Hecker 


It  is  known  that  beet  yellows  virus  causes  a  deficiency  of  chloroplasts 
in  cells  along  the  cleared  veins  of  infected  beets  <*nj.  in.  general,  causes 
a  visible  disorganization  of  chloroplasts  [Esau  (  2  )].  Esau  also  noted 
inclusion  bodies  in  the  stornatal  guard  cells  of  infected  plants. 

Since  from  the  breeding  standpoint  there  are  no  precise  selection  crite¬ 
ria  for  resistance  to  beet  yellows  virus  or  beet  western  yellows  virus, 
the  present  study  was  made  to  examine  the  relationships  of  disease ,  geno¬ 
type,  and  stornatal  guard  cell  chloroplast  condition  and  number.  It  was 
intended  not  only  as  a  search  for  a  selection  criterion  but  also  to  re¬ 
late  chloroplast  condition  and  number  to  various  other  characters  with 
the  object  of  shedding  additional  light  on  disease  characteristics. 


Materials  and  Methods 

The  experiment  was  conducted  in  the  greenhouse  at  Salinas,  California, 
during  the  winter  of  1964-65.  It  consisted  of  two  populations,  three 
treatments,  and  ten  replications.  There  were  six  plants  (individual 
pots)  per  replication,  for  a  total  of  60  plants  per  population  within 
treatment.  The  two  populations  were  413B,  which  was  developed  by  five 
cycles  of  selection  for  yellows  resistance  in  US  75,  and  5511,  which 
was  a  yellows  susceptible  selection  from  the  partially  inbred  NB2.  In 
field  tests  413B  has  shown  considerable  yellows  tolerance  (  3  ) .  The 
three  treatments  were:  no  infection,  infected  with  beet  yellows  virus 
(Brawley  strain),  and  a  combined  infection  of  beet  western  yellows  virus 
with  an  unidentified  strain  of  beet  yellows  virus. 

Six  characters  were  studied: 

(1)  Chloroplast  number  per  pair  of  stornatal  guard  cells, 

(2)  Chloroplast  disorganization  score  (0  =  complete  disorganization, 

5  =  no  disorganization), 

(3)  Yellowing  score  (0  =  all  leaves  very  yellow,  necrotic  and  etched, 
5  =  no  yellowing  relative  to  the  noninoculated  entry), 

(4)  Root  weight  in  grams, 

(5)  Top  weight  in  grams, 

(6)  Total  plant  weight  in  grams. 
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The  experiment  was  planted  November  10,  1964,  and  inoculated  December  8; 
the  yellowing  score  was  made  February  15,  1965.  Chloroplast  number  and 
disorganization  score  were  determined  one  replication  per  week  starting 
January  11  (hence  replication  effect  was  confounded  with  growth  stage 
effect  for  these  two  characters).  Five  determinations  of  chloroplast 
number  were  made  in  each  plant.  Chloroplasts  in  the  guard  cells  of  the 
non-infected  plants  reached  their  highest  degree  of  organization  in  the 
most  mature  leaves  but  prior  to  senescence.  Therefore,  in  determining 
chloroplast  number  and  condition, the  most  mature  leaves  were  used  for 
sampling.  In  making  these  determinations, a  small  piece  of  epidermis  was 
stripped  from  the  dorsal  side  of  the  leaf,  mounted  on  a  glass  slide  in  a 
drop  of  water,  covered  with  a  cover  glass,  and  examined  under  430X  magni¬ 
fication.  Using  this  technique,  the  chloroplasts  in  the  stomatal  guard 
cells  were  all  visible  and  easily  counted  except  in  those  cases  where 
there  was  a  high  degree  of  chloroplast  disorganization  or  degradation. 

Root  and  top  weight  determinations  were  made  on  March  18,  but  only  six 
replications  were  used, since  it  was  necessary  to  save  plants  in  the  other 
four  replications  as  inoculum  source  plants  for  other  studies. 


Results 

The  means  for  populations,  treatments,  and  treatments  within  populations 
for  all  six  characters  are  shown  in  Table  1.  Their  least  significant 
differences  are  also  included. 

The  effect  of  beet  yellows  infection  (Brawley  strain)  was  more  severe 
for  every  character  (although  not  significantly  so  in  all  cases)  than 
the  combined  infection.  The  unidentified  strain  of  beet  yellows  virus 
in  the  combined  infection  was  undoubtedly  less  virulent  than  the  Braw¬ 
ley  strain  of  beet  yellows  virus.  Hence  the  combined  infection  was  not 
as  damaging  as  the  Brawley  strain  by  itself. 

Under  conditions  of  this  experiment,  the  number  of  chloroplasts  per  pair 
of  guard  cells  appeared  to  be  little  influenced  by  the  virus  infection. 
There  was,  however,  a  difference  between  populations  and  a  significant 
population  by  treatment  interaction.  Hence  genotype  is  the  principal 
determinant  of  chloroplast  number. 

In  the  case  of  chloroplast  condition  populations,  treatments,  and  their 
interaction  were  all  significant,  with  treatments  having  the  greatest 
effect.  The  significant  interaction  results  from  the  fact  that  chloro¬ 
plast  condition  was  not  affected  by  treatment  in  413B  but  was  affected 
in  5511.  Therefore,  yellows  virus  infection  results  in  more  or  earlier 
guard  cell  chloroplast  disorganization  in  susceptible  genotypes  than 
in  more  tolerant  or  resistant  genotypes. 

A  significant  amount  of  yellowing  resulted  from  infection;  also,  infect¬ 
ed  plants  of  5511  were  considerably  more  yellow  than  those  of  413B. 


Table  1.  Means  and  least  significant  differences  for  the  six  characters  of  interest 
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The  interaction  of  treatment  and  genotype  indicates  that  the  yellowing 
caused  by  a  particular  virus  or  strain  is  partially  dependent  on  the 
genotype  of  its  host. 

Root  weight  reductions  due  to  infection  were  significant  in  both  popu¬ 
lations — but  particularly  drastic  in  5511  where  the  Brawley  strain  of 
beet  yellows  virus  reduced  root  yield  66  percent.  The  mixed  infection 
caused  a  36  percent  reduction.  In  413B  the  yield  losses  due  to  infec¬ 
tion  were  not  different  for  the  two  treatments  but  were  18  and  2?  per¬ 
cent  relative  to  the  check.  Top  weight  of  413B  was  unaffected  by  infec¬ 
tion,  but  there  was  a  significant  reduction  in  5511  (39  and  20  percent 
relative  to  the  check).  Total  weights  followed  the  pattern  of  root 
weights  with  significant  reductions  due  to  infection  in  both  populations. 

Simple  correlation  coefficients  based  on  population  means  within  treat¬ 
ments  are  shown  in  Table  2.  Yellowing  score  is  positively  correlated 
with  chloroplast  condition,  root  weight,  and  top  weight.  Chloroplast 
condition  is  positively  correlated  with  root  and  top  weight.  These 
correlations  resulted  from  the  fact  that  yellows-free  beets  were  heavier, 
greener,  and  had  a  higher  degree  of  chloroplast  organization.  Chloroplast 
number  was  not  significantly  correlated  with  any  of  the  other  characters. 


Table  2.  Simple  correlation  coefficients  calculated  from  treatment 
means  within  populations. 


Character 

Chloroplast 

condition 

Chloroplast 

number 

Root 

weight 

Top 

weight 

Yellowing  score 

0.975** 

-0.146 

0.902* 

0.959** 

Chloroplast  condition 

-0.119 

0.895* 

0.952** 

Chloroplast  number 

0.114 

-0.347 

Root  weight 

0.761 

No  cell  inclusions,  as  described  by  Esau  (  2  ),  were  observed  in  the  guard 
cells  or  other  epidermal  cells.  This  does  not  exclude  the  possibility 
that  inclusions  might  be  observed, using  certain  staining  techniques. 


Discussion 

In  this  experiment  the  number  of  chloroplasts  in  the  stomatal  guard  cells 
was  unaffected  by  disease  treatment  but  was  genotype  dependent.  Neither 
was  it  significantly  correlated  with  any  other  character.  Hence  this 
character  would  seem  to  offer  no  promise  as  a  selection  tool  or  measure 
of  disease  resistance. 
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The  degree  of  chloroplast  disorganization  was  affected  by  disease  treat¬ 
ment,  genotype,  and  a  treatment  by  genotype  interaction.  This  genotype 
and  interaction  effect,  together  with  the  fact  that  degree  of  disorganiza¬ 
tion  is  a  rather  poorly  defined  index,  indicates  that  it  would  be  of  little 
practical  value  in  individual  plant  selection. 

Yellowing  score  relative  to  the  check  appears  to  be  genetically  condi¬ 
tioned  ^ d  correlated  with  root  yield.  However,  McFarlane  and  Bennett 
(  3  )  have  shown  in  extensive  '‘Held  tests  with  diversa  genotypes  that 
there  is  little  correlation  between  yellowing  and  yield  reduction  due  to 
yellows  infection. 

Yield  reductions  of  both  root  and  top  were  affected  by  both  treatment 
and  genotype.  413B  shows  considerable  disease  tolerance  relative  to  5511. 
The  correlation  of  root  and  top  yield  with  yellowing  and  chloroplast  con¬ 
dition  is  expected  from  examination  of  the  means  and  is  a  logical  rela¬ 
tionship.  Yellowing  and  chloroplast  degradation  would  be  expected  to 
depress  photosynthesis  and,  hence,  plant  yield.  The  reason  for  chloroplast 
degradation  may  be,  as  Bawden  (1)  suggests,  that  cells  from  plants  in¬ 
fected  with  yellows  type  viruses  contain  more  starch  than  normal  and 
chloroplasts  may  be  so  gorged  with  starch  that  they  burst. 

Among  the  six  characters,  comparative  root  yield  appears  to  be  the  most 
reliable  indicator  of  disease  resistance.  However,  even  this  character 
leaves  much  to  be  desired  as  a  selection  criterion  when  selection  is 
being  made  on  an  individual  plant  basis. 


Summary 

A  greenhouse  test  of  two  populations  inoculated  with  beet  yellows  and 
beet  western  yellows  virus  showed  that  the  number  of  chloroplasts  in 
the  stomatal  guard  cells  was  unaffected  by  disease  treatment.  The  de¬ 
gree  of  chloroplast  disorganization  and  yellowing  of  the  leaves  are 
related  to  treatment,  but  neither  appears  to  be  of  much  value  in  making 
individual  plant  selections.  Root  and  top  yields  are  related  to  yellow¬ 
ing  and  chloroplast  condition  and  are  affected  by  treatment.  None  of 
the  six  characters  studied  provides  a  completely  reliable  index  or  meas¬ 
ure  of  disease  resistance,  but  among  them,  comparative  root  yield  is 
likely  to  be  best. 
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PERFORMANCE  OF  FIRST  AND  SECOND  SUCCESSIVE  SUGAR  BEET 
SELECTIONS  MADE  ON  THE  BASIS  OF  THE  AMINO  ACID  PATTERN 
IN  THE  MATURE  LEAVES  OF  INFECTED-  PLANTS 

By 

J.  M.  Fife 

Introduction 

The  results  of  5  years  of  testing  have  shown  that  certain  sugar 
beet  selections,  made  on  the  basis  of  the  amino  acid  pattern  in  the 

i 

mature  leaves  of  beet  yellows  infected  plants,  were  superior  to  the 
parent  in  yield  of  beets,  percent  sucrose  and  sugar  per  acre.  The 
object  of  the  1965  test  was  to  compare  the  performance  of  3  of  the 
most  promising  first  selections  and  3  of  the  most  promising  second 
successive  selections  with  the  parent  (US  75)  when  the  plants  were 
inoculated  with  a  more  virulent  strain  of  the  beet  yellows  virus 
than  strain  5  which  was  used  for  all  previous  field  tests.  The 
"Brawley  strain"  was  used  in  the  test  reported  here#  This  strain 
of  the  beet  yellows  virus  has  been  shown  by  Bennett  to  be  more 
virulent  than  strain  5» 

Methods 

, The  test  was  carried  out  in  a  plot  adjoining  a  test  conducted 
by  McFarlane,  Bennett,  and  Skoyen.  All  agronomic  practices  were  the 
same.  The  information  pertinent  to  this  test  is  as  follows: 


76 


Location:  Spence  Field  of  the  U.  S.  Agricultural  Research  Station. 

Fertilizer  applied:  U00  lbs.  of  10-10-5  rototilled  into  the  beds 
immediately  preceding  the  final  shaping. 

Planting  date:  April  29.  Plants  thinned,  May  23. 

Disease  treatment:  Plants  inoculated  June  21  (4l  days  after 

emergence)  with  the  Brawley  strain  of  the  beet  yellows 
virus. 

Harvest  date:  October  19.  Growing  period,  160  days  from  emergence. 

Diseases:  By  thinning,  practically  all  the  plants  showed  symptoms 
of  yellows.  Strains  of  western  yellows  may  have  pre¬ 
dominated  but  due  to  the  presence  of  sugar  beet  plants 
growing  in  the  field  at  the  time  of  emergence,  the  seed¬ 
lings  could  have  been  infected  with  strains  of  beet 
yellows  virus  as  well. 

Insects:  Insects  were  controlled  by  an  effective  spray  program. 

Experimental  design:  7X7  latin  square,  two -row  plots  50  feet 
long. 

Sugar  analysis:  From  two  18-beet  samples  taken  from  each  plot. 

Results 

The  performance  of  all  selections  was  superior  to  that  of  the 
parent  despite  the  fact  that  the  plants  were  inoculated  with  a  more 
virulent  strain  of  the  beet  yellows  virus  (Brawley  strain)  than  was 
used  to  inoculate  the  plants  in  the  previous  tests  (table  l). 
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Table  1. 

Test  comparing  first  selections  and  a  second  successive 
selection  with  US  75, in  which  all  plants  were  inoculated 
with  a  virulent  strain  of  the  beet  yellows  virus  4l  days 
after  emergence. 


Basic  Code  & 

Selection 

Seed 

Inc¬ 

rease 

Acre 

!  Yield 

Sucrose 

Harvest 

Count 

*  Sugar 

Beets 

Pounds 

Tons 

Percent 

Number 

US  75  (parent) 

2,525 

9.1 

13.8 

127 

DS3  1st 

3rd 

3,205**  10.5** 

15.2** 

126 

DS323  1st 

2nd 

2,680 

9.4 

14.3* 

130 

DS23  1st 

3rd 

3,036**  10.3** 

14.8** 

128 

RS3  2nd  Sue . 

4th 

3,616**  11.6** 

15.5** 

136 

RS10  2nd  Sue . 

4th 

2,976* 

10.2* 

14.6** 

128 

RSC-C  2nd  Sue. 

4th 

3,560**  12.0** 

14.9** 

128 

General  MEAN 

3,085 

10.45 

14.7 

129 

S.  E.  of  MEAN 

119 

O.36 

0.17 

L.3.D.  (19:1) 

‘  3^2  ' 

1.03 

0.49 

(99:1) 

460 

1.39 

0.67 

S.  E.  of  MEAN 

in  #  of  MEAN 

3.9 

3.4 

1.2 

Odds  19:1  -  2.030 

x  '/2~  x  Standard  Error 

of  MEAN 

99:1  *  2.724 

x  \f2~ x  Standard  Error 

of  MEAN 

VARIANCE  TABLE 

Degrees 

MEAN  SQUARES 

Variation  due  to 

of 

Sugar 

Tons 

Percent 

Freedom 

Pounds 

Beets 

Sucrose 

Between  Selections 

6 

1,181,527  7.72 

2.15 

Between  Replications 

6 

204,684  1.43 

.54 

Remainder  (Error) 

36 

99,838  .91 

.21 

Total  48 

Calculated  F  values  for  selections  11. 83**  8.48**  10.75** 
**  Exceeds  the  1#  point  of  significance  (F»3.35) 

*  Exceeds  the  5$  point  of  significance  (iv»2.36) 
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The  most  striking  performance  of  the  selections  was  their  superior 
percentage  sucrose  compared  to  that  of  the  parent.  The  mean  percent 
sucrose  for  the  6  selections  was  14.9.  This  value  is  1.1  percentage 

^  *  '  **  i  --  u 

%  °  4  *  ^ 

points  higher  than  the  percent  sucrose  in  the  roots  of  the  parent. 

Five  of  the  6  sugar  beet  selections  produced  significantly  more  tons 
of  beets,  and  sugar  per  acre,  than  was  produced  by  the  parent. 

Correlation  between  resistance  to  beet  yellows 
and  the  amino  acid  ratio 

Three  years  of  replicated  field  tests  have  been  conducted  in 
which  the  performance  of  a  first  selection,  a  second  successive 
selection  and  the  parent  (US  75)  are  correlated  with  their  amino 
acid  ratios.  The  amino  acid  ratios  of  these  selections  and  the 
parent  were  determined  in  the  same  test,  in  the  mature  leaves  of 
beet  yellows -inoculated  plants  grown  in  the  greenhouse  in  sand 
culture  under  controlled  nutritional  conditions.  The  amino  acid 
ratio  was  determined  on  25  individual  plants  of  each  selection  and 
the  parent.  Mean  values  were  used  for  correlation  purposes.  The 
correlation  between  the  amino  acid  ratio  of  the  selections  and  yield 
of  beets  and  of  sugar  per  acre  are  shown  in  figures  1  and  2. 

The  correlation  coefficient  "r",  between  the  amino  acid  ratio 
and  the  yield  of  beets  (and  also  sugar  per  acre)  is  positive  and 
highly  significant. 
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Figure  1. 

CORRELATION  BETWEEN  THE  AMINO  ACID  RATIO 
AND  YIELD  OF  BEETS  FOR  FIRST  AND  SECOND 
SUCCESSIVE  SELECTIONS  IN  RELATION  TO 
THE  PARENT  (US  75) 
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Figure  2. 

CORRELATION  BETWEEN  THE  AMINO  ACID  RATIO 
AND  YIELD  OF  SUGAR  PER  ACRE  FOR  FIRST 
AND  SUCCESSIVE  SELECTIONS  IN  RELATION 


POUNDS  OF  SUGAR  PER  ACRE 
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Summary 

Certain  sugar  beet  selections,  made  on  the  basis  of  the  amino 

acid  pattern  in  the  mature  leaves  of  beet  plants  infected  with  beet 

yellows,  have  consistently  produced  higher  yields  of  beets  and  a 

higher  percentage  sucrose  in  roots  of  the  selections  than  in  roots 

of  the  parent  (US  75)*  The  correlation  coefficient  "r",  between 

the  amino  acid  ratio  (concentration  of  aspartic  acid  +  glutamic  acid) 

glutamine 

and  the  yield  of  beets  and  the  yield  of  sugar  per  acre,  was  positive 
and  significant. 
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Progress  Report  on  the  Evaluation  of  Sugarbeet  Breeding 
Lines  Selected  for  Nematode  Resistance  and  of  the 
Screening  Method  used  in  Making  these  Selections 

ELVIN  D.  WHITNEY  &  DEVON  L.  DONEY 

INTRODUCTION 


By  selecting  -within  varieties  and  lines  of  Beta  vulgaris  L.  for  tol¬ 
erance  to  the  sugarbeet  nematode  Heterodera  schactii  Schm.  in  combina¬ 
tion  with  root-rotting  fungi,  Charles  Price  has  produced  selections  that 
consistently  yield  significantly  better  than  the  standard  varieties  US  4l 
and  US  75*  The  procedure  used  in  screening  for  resistance  in  the  green¬ 
house  was  described  in  the  i960  Sugar  Beet  Research  Report,  pages  91  and 
92.  However,  an  evaluation  of  the  efficiency  of  this  screening  procedure 
in  producing  sugarbeet  lines  tolerant  to  the  sugarbeet  nematode,  root- 
rotting  fungi  and  the  two  in  combination  has  not  been  reported.  The 
object  of  these  tests  was  to  further  evaluate  promising  sugarbeet  selec¬ 
tions  for  resistance  and  attempt  to  evaluate  the  present  screening  sys¬ 
tem  in  producing  lines  tolerant  to  the  nematode,  root -rotting  fungi  and 
the  two  in  combination. 


MATERIALS  AND  METHODS 

Twenty-four  of  the  most  promising  lines  were  selected  for  the  test 
based  on  their  performance  in  the  1964  greenhouse  test  and  field  tests 
for  I96O-63.  Also  included  for  testing  were  4  monogerm  selections;  338# 
339,  SL9229  and  F^-067.  Varieties  US  4l  and  US  75  were  used  as  checks. 
These  30  selections  were  planted  in  the  nematode  field  plot  at  the  U. S. 
Agricultural  Research  Station,  Salinas,  Calif ornia, in  a  randomized 
complete  block  design  of  6  replications  each.  Plots  were  25  feet  long 
and  plants  thinned  to  an  8-to  10-inch  spacing  4  weeks  after  planting.. 
Prior  to  planting, soil  samples  were  systematically  taken  from  the  plot 
to  determine  the  distribution  of  cysts  in  the  soil.  The  results  of  the 
cyst  count  were  analyzed  as  a  Latin  square. 

.  These  30  selections  were  also  planted  in  flats  of  soil  in  the  green¬ 
house  for  screening.  Two  soils  were  selected.  One  of  the  “field  soilaM 
had  been  used  for  the  winter -greenhouse  test  and  had  been  collected 
from  a  field  with  plants  showing  nematode  damage.  •  This  soil  was  known 
to  be  heavily  infested  with  root-rotting  fungi.  The  second  soil,  "plot 
soil",  was  soil  collected  from  the  Station  field  plot  prior  to  planting. 
These  2  soils  were  mixed  C2  parts  nematode-infested  soil,  1  part  sand, 
and  1  part  silt) following  established  procedures.  Each  soil  was  sam¬ 
pled  and  processed  to  determine  the  number  of  nematode  cysts  containing 
eggs  per  100  grams  of  soil.  Three  flats  of  48  plants  per  flat  of  each 
selection  were  transplanted  in  each  soil.  After  a  two-month  growing 
period,  the  living  plants  in  each  flat  were  washed  free  of  soil  and  the 
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roots  individually  rated  for  vigor,  based  on  a  scale  of  I  to  V  (I  =  very 
vigorous;  V  =  dead).  The  10  most  vigorous  beets  from  each  flat  were 
transplanted  individually  to  their  respective  infested  soil  mixture 
in  an  aluminum  cylinder  and  grown  for  an  additional  2  months.  At  the 
end  of  this  growing  period,  each  beet  was  again  rated  and  the  total 
root  weight  taken  for  each  replication  (10  plants).  The  mean  rating 
for  each  selection  was  obtained  by  multiplying  the  rating  by  the  number 
of  beets  in  each  category,  summing,  and  taking  the  mean  of  the  3  repli¬ 
cations.  Therefore,  the  smaller  the  mean  rating,  the  higher  the  resist*  * 
ance  of  the  selection. 

The  soil  froi;  one  cylinder  per  selection  for  each  soil  was  proc¬ 
essed  to  determine  the  number  of  cysts  per  100  grams  of  soil. 

The  field  experiment  was  harvested  after  a  growing  period  of 
approximately  150  days.  Root  yields  and  sucrose  determinations  were 
obtained  for  each  replication.  The  sucrose  sample  was  obtained  from 
all  the  beets  in  a  replication. 

The  yield  means  were  adjusted  on  the  basis  of  nematode  population 
due  to  a  two-way  gradient  in  cyst  population.  This  adjustment  was 
based  on  the  regression  of  the  nematode  population  with  yield. 

RESULTS  AND  DISCUSSION 

The  results  of  these  tests  are  found  in  Tables  I  and  II.  In  the 
field  trial,  US  4l  gave  very  poor  yields  in  relation  to  the  other  selec¬ 
tions*  in  fact,  about  three  fourths  of  the  selections  significantly  out- 
yielded  US  4l.  However,  US  75  gave  a  somewhat  better  yield  with  only 
one  selection  (134-H8)  yielding  significantly  higher. 

When  adjustment  was  made  for  nematode  population,  US  4l  and  US  75 
yielded  equally  well,  with  only  6  selections  significantly  outyielding 
these  2  varieties.  It  is  noteworthy  to  observe  that  k  of  these  6  were 
the  better  selections  before  adjustment.  Differences  were  also  observed 
between  selections  for  sucrose  percentage. 

A  correlation  of  r  =  .92  was  obtained  between  yield  and  nematode 
population.  A  correlation  (r  =  .72)  was  also  obtained  between  yield 
and  number  of  beets  dying  between  thinning  and  harvest.  Nematodes  are 
not  believed  to  be  responsible  for  the  killing  of  beets;  however,  they 
can  predispose  plants  to  infection  by  other  pathogens.  This  appears 
to  be  what  is  happening  in  this  case. 


TABLE  I  FIELD  DATA 
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GREENHOUSE  TESTS 

When  this  trial  was  started,  the  field  soil  had  significantly  more 
cysts  containing  eggs  than  the  plot  soil  (28.5  to  20.4  per  100  grams 
of  soil  respectively).  However,  after  harvest  the  nematode  populations 
were  reversed)  i.e.,  the  plot  soil  had  significantly  more  cysts  contain¬ 
ing  eggi  than  the  f^eld  ^cil  (183-2  to  123-00  c’rsts  per  100  grams  of 
soil,  respectively).  In  other  words,  a  larger  nematode  population  had 
built  up  in  the  soil  with  the  smaller  infestation  of  root-rotting  fungi 
(plot  soil). 

There  were  no  significant  differences  between  varieties  for  root 
weight  for  either  soil.  •  However,  the  difference  due  to  soil  was  highly 
significant,  with  plants  grown  in  plot  soil  giving  higher  yields.  The 
40$  difference  in  yield  is  undoubtedly  the  result  of  fungi,  as  the 
increase  in  number  of  nematode  cysts  was  greater  in  the  soil  with  the 
higher  yield,  indicating  the  loss  due  to  fungi  was  even  greater.  This 
loss  was  in  part  due  to  the  difference  in  the  number  of  beets  dead  at 
the  end  of  the  growing  period  in  the  soil- filled  cylinders.  In  the 
field  soil,  16.8$  of  the  plants  were  deadj  while  in  the  plot  soil,  only 
.8$  of  the  plants  had  died.  This  would  indicate  that  death  was  due  to 
fungi  and  not  nematodes.  This  same  trend  existed  for  plants  growing 
in  flats  of  soil)  i.e.,  8.6$  dead  plants  in  the  plot  soil  and  15*3$  in 
the  field  soil. 

There  were  also  no  significant  differences  in  resistance  ratings 
between  varieties  grown  in  either  soil.  But,  here  again, plants  grown 
in  plot  soil  gave  a  significantly  better  rating  than  plants  grown  in 
field  soil.  A  comparison  was  also  made  between  the  ratings  of  the 
first  and  second  screenings.  If  progress  is  being  achieved  by  this 
technique,  one  would  expect  a  better  rating  for  the  second  screening. 

A  significantly  better  rating  was  observed  in  the  second  screening  for 
plants  grown  in  plot- soil,  but  there  was  no  significant  difference 
between  screenings  for  plants  grown  in  field  soil. 

These  results  confirm  the  fact  that  progress  has  been  made.  How¬ 
ever,  these  results  indicate  that  heavy  soil  infestation  of  root- 
rotting  fungi  are  confounding  the  results  of  the  present  technique. 

Work  is  underway  to  isolate  the  various  pathogens  involved  and  deter¬ 
mine  their  relative  importance,  as  well  as  to  obtain  nematodes  free 
of  other  pathogens,  so  that  more  precise  screening  techniques  can  be 
developed  and  used. 


TABLE  II  GREENHOUSE  DATA 
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Analysis  of  Variance  for  Root  Ratings  from  Greenhouse  Tests. 


Source  of 

Variation 

df 

ss 

MS 

F 

Reps 

2 

0.3172 

0.1586 

•  ■;  1 

Soils 

1 

24.4453 

24.4453 

46.58* 

Error  (a) 

2 

1.0493 

.5247 

Tests 

1 

18.8742 

18.8742 

130.50** 

Soils  x  tests 

1 

9.0853 

9.0853 

62.83** 

Selections 

29 

2.9801 

.1028 

.71 

Soils  x  sel. 

29 

5.5266 

.1906 

1.32 

Tests  x  sel. 

29 

2.0358 

.0702 

.48 

Soils  x  tests  x  sel. 

29 

4.3192 

.1489 

I.03 

Error  (b) 

236 

34.1360 

.1446 

Total 

359 

102.7689 

*  =  Significant  at  P 

=  .05 

**  =  Significant  at  P 

=  .01 

Analysis  of 

Variance 

of  Root  Weights 

from  Greenhouse 

Tests. 

Source  of 
Variation 

df 

SS 

MS 

F 

Reps 

2 

104,165.25 

57,082.62 

Soils 

1 

108,461.90 

108,461.90 

39.73* 

Error  (a) 

2 

5,459.61 

2,729.80 

Varieties 

29 

19,324.20 

666.35 

0.89 

Soils  x  var. 

29 

30,177.49 

i,o4o.6o 

1.40 

Error  (b) 

116 

86,017.30 

741.53 

Total  179  353,605.75 

*  =  Significant  at  P  =  .05 
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PART  V 


INTERSPECIFIC  HYBRIDIZATION 


STUDIES  ON  TETRAPLOIDY 


Helen  Savitsky 


V. 


F.  Savitsky 


The  research  was  supported  in  part  by  funds  provided  through 
the  Beet  Sugar  Development  Foundation  (Project  11) . 
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STUDIES  IN  POLYPLOIDY 
Helen  Savitsky 


PRODUCTION  OF  TETRAPLOID  STRAINS 

1*  0o  tetraploid  plants  were  selected  in  1964  in  2  inbred  lines  (one 
of  these  lines  is  leaf  spot  resistant) ,  and  in  a  mult.igerm  population 
which  is  high  in  combining  ability.  Seeds  obtained  from  C0  plants 
were  planted  in  the  fall  of  1964  and  chromosome  number  was  determined 
in  the  young  plants  during  winter  of  1965.  The  tetraploid 
plants  were  selected  and  propagated  on  isolations  in  1965. 

2.  Seeds  of  the  monogerm  leaf  spot  resistant  inbreds  and  of  a  high  in 
sucrose  multigerm  population  were  treated  by  colchicine  in  1964.  CQ 
seedlings  affected  by  colchicine  have  been  exposed  to  thermal  induction 
and  the  plants  were  later  examined  for  the  size  of  pollen  grains.  The 
tetraploid  CQ  plants  with  large  (diploid)  pollen  grains  were  selected 
and  intercrossed  within  the  lines.  A  total  of  278  CQ  plants  were  examined 
for  the  size  of  pollen  grains#  Seeds  obtained  from  the  selected  CQ  plants 
were  planted  for  determination  of  chromosome  number  and  selection  of  the 
tetraploid  plants. 

A  STUDY  OF  VIABILITY  OF  DIPLOID,  TRIPL0ID,AND  TETRAPLOID  SUGARBEET  SEEDS 

A  commercial  use  of  polyploid  varieties  requires  a  high  quality  of 
sugarbeet  seeds.  Because  of  some  indications  on  the  lower  germination 
ability  of  triploid  and  tetraploid  sugarbeet  seeds,  a  detailed  study  of 
seed  development  at  different  ploidy  levels  is  necessary.  Both  environ¬ 
ment  and  genetic  factors  may  influence  the  viability  of  seeds.  The  pur¬ 
pose  of  this  study  is  the  investigation  of  the  process  of  development  of 
diploid,  triploid,  and  tetraploid  embryos  and  seeds,  as  well  as  obtaining 
information  to  which  extent  the  viability  of  seeds  is  influenced  by  diffe¬ 
rent  ploidy  levels. 


Materials  and  Methods 


1.  The  monogerm  hybrid  diploid,  triploid  and  tetraploid  sugarbeet  seeds 
were  obtained  by  open  pollination  of  the  diploid  and  tetraploid  male-ste¬ 
rile  monogerm  lines  by  the  diploid  and  tetraploid  populations.  The  male- 
sterile  monogerm  lines:  SLC  2n  91,  Utah-Idaho  2n  129,  Beltsville  2n  66, 
Salinas  2n  562-H,  and  SLC  4n  91  were  pollinated  on  separate  isolations 

by  the  diploid  and  tetraploid  multigerm  and  monogerm  populations. 

2.  Diploid  and  tetraploid  seeds  were  also  obtained  after  open  pollina¬ 
tion  of  diploid  and  tetraploid  monogerm  and  multigerm  populations  used  as 
pollinators. 
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The  following  methods  of  investigation  are  applied: 

a/  A  study  of  meiosis  and  gamete  formation  in  tetraploid  populations 
to  find  out  whether  the  gametes  with  deviating  chromosome  number  may 
decrease  the  viability  of  seeds  derived  from  pollination  by  tetra- 
ploids.  Buds  of  corresponding  stages  were  fixed  for  cytological 
study, 

b/  Examination  of  ovules  for  determination  of  percent  of  non-ferti- 
lized,  fertilized  normally  developed  ovules,  and  fertilized  but  aborted 
ovules  in  different  crosses,  Brarches  were  collected  from  male-sterile 
plants  and  from  the  plants  in  the  populations  of  pollinators.  Develop¬ 
ment  of  ovules  in  the  diploid,  triploid  and  tetraploid  matings  was  ana¬ 
lyzed, 

c/  A  study  of  germination  of  fruits  harvested  from  the  plants  in  which 
the  development  of  ovules  was  analyzed. 

d/  An  embryological  study  of  diploid,  triploid,  and  tetraploid  seeds  to 
observe  whether  some  deviations  from  the  normal  outline  of  fertilization, 
or  deviations  in  embryos  and  seed  development  may  occur  at  different 
ploidy  levels.  Deviations  which  might  influence  the  viability  of  seed. 
Material  for  embryological  study  of  diploid,  triploid  and  tetraploid 
seeds  was  collected  and  fixed. 

Results  of  this  study  will  be  given  in  the  next  year  report. 


INTERSPECIFIC  HYBRIDIZATION 
VULGARES-PATELLARES  HYBRIDS 


Helen  Savitsky 

A  STUDY  OF  TRANSMISSION  OF  CHARACTERS  FROM  PATELLARES  SPECIES  TO  THE 

SPECIES  B.  VULGARIS 

1.  A  STUDY  OF  TRANSMISSION  OF  RESISTANCE  TO  SUGARBEET  NEMATODE 
(HETERODBBA  SCHACHTII ) 

The  new  crosses  between  JB.  vulgaris  and  the  species  of  the  section 
Patellares  are  continuously  made  and  the  viable  F2  hybrids  propagated  by 
grafting  to  maintain  the  basic  group  of  F^  hybrids. 

A  cytological  study  of  the  hybrids  and  growing  of  the  next  hybrid 
generations  is  being  continued. 
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The  first  backcross  hybrids,  second  backcross  hybrids,  and  F2 
hybrids  were  exposed  to  selection  for  sugarbeet  nematode.  F2  and  b2 
seeds,  obtained  from  b^  plants  selected  for  nematode  resistance,  were 
planted  and  the  seedlings  grown  of  them  tested  in  nematode  infested 
soil.  The  technic  of  plant  infestation  was  changed  in  1965.  The  soil 
mixture  was  adjusted  so  that  hybrids  were  exposed  to  twice  the  nematode 
cysts  used  in  the  previous  tests.  As  before,  the  plants  selected  in  the 
first  test  were  submitted  to  2  additional  tests.  But  for  the  latter 
testa  to  the  pots  containing  nematode  infested  soil,  14  viable  cysts 
were  added  for  each  plant  tested  to  insure  infestation. 

Total  1800  plants  were  tested  for  resistance  in  1965.  The  plants 
selected  were  distributed  into  2  groups:  the  first  group  consisted  of 
plants  having  0  to  5  female  nematodes  on  the  roots,  the  second  group 
contained  plants  on  the  roots  of  which  from  5  to  10  females  were  ob¬ 
served,  Some  plants  which  were  selected  for  nematode  resistance  devel¬ 
oped  tumors  on  the  roots  and  on  the  leaf  blades.  Plants  with  few  female 
nematodes  on  the  roots  (0-10)  were  selected  in  all  hybrid  generations 
(bi»  b2  and  F2).  The  most  promising  12  plants  were  selected  from  one 
segregating  F2  line.  Six  of  these  12  plants  remained  free  of  nematodes 
in  3  tests;  on  the  other  6  plants  2  or  3  females  were  observed  on  the 
roots.  All  plants  in  this  group  have  a  peculiar  phenotype:  they  develop 
long  hanging  down  petiols  and  narrow,  elongated  leaves.  Five  of  12  plants 
developed  tumors  on  the  leaf  blades. 

All  plants  selected  for  nematode  resistance  will  be  grown  and  exposed 
to  thermal  induction  to  obtain  seeds  of  the  next  generations  for  further 
study  and  selection  for  resistance. 

2.  A  STUDY  OF  TRANSMISSION  OF  M0N0GERM  CHARACTER  FROM  THE  PATELLARES  SPECIES 

Species  of  the  section  Pate  Hares  Tr.  -  Beta  pate  llaris  Moq. ,  Beta 
procumbens  Chr.  Sm. ,  and  Beta  webbiana  Moq.  produce  monogerm  seeds.  The 
idea  of  the  possibility  of  transmission  of  the  monogerm  character  from 
Patellares  species  is  widespread.  Even  an  indication  about  the  origin 
of  the  American  monogerm  sugarbeets  from  B.  procumbens  is  cited  in  the 
East  German  literature. 

An  embryological  study  of  the  development  of  inflorescence  and  fruit 
in  different  Beta  species  previously  performed  by  the  author  suggests  that 
Patellares  species  cannot  be  considered  as  a  source  of  transmission  of 
monogerm  character.  The  mode  of  development  of  the  monogerm  fruit  in  the 
section  Patellares  differs  from  the  development  of  monogerm  fruit  in  the 
section  Vulgares  Tr.  (sugarbeets)  and  in  the  section  Corollinae  Tr.  (B_. 
lomatogona  Fish,  and  Mey). 

In  the  inflorescence  of  the  multigerm  sugarbeet  races  several  recept¬ 
acles  develop  on  a  common  peduncle.  Each  receptacle  produces  a  flower. 
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All  flowers  are  joined  by  the  tissue  of  the  same  peduncle.  The  lower  __ 

bases  of  the  ovaries  together  with  contained  ovules  are  imbedded  in  the 
tissue  of  the  peduncle.  Only  the  upper  parts  of  the  flowers,  beginning  — 
from  the  base  of  the  sepals  grow  over  the  peduncle.  The  inflorescence  is 
compound,  multiflorai  and  the  fruit  developed  is  also  compound  (a  multi¬ 
germ  seedball).  (Fig.  1).  __ 

In  the  monogerm  races  of  B.  vulgaris  (sugarbeets)  ody  one  recept-  L- 
acle  and  consequently  only  one  flower  develops  on  the  peduncle.  The  in¬ 
florescence  is  simple  and  the  fruit  also  simple  and  monogerm.  — 

In  Patella res  species  the  type  of  development  of  the  inflorescence  is 
similar  to  that  of  the  multigerm  races  of  B.  vulgaris.  Several  receptacles  _ 
and  several  flowers  develop  on  the  common  peduncle,  but  every  flower  de¬ 
velops  its  own  pedicel.  The  pedicels  of  all  flowers  in  an  inflorescence  — 
are  joined  at  their  bases,  thus  forming  a  compound  multifioral  inflorescence. 
However,  the  fruits  are  not  embedded  in  the  common  pericarp,  they  grow  se-  ““ 
parately  on  the  pedicels.  After  the  pedicels  dry  and  brefee,  the  monogerm  __ 
fruit3  are  released.  Fruit  in  Pate  Hares  species  is  simple  and  monogerm. 

The  possibility  of  transmission  of  monogerm  character  from  Pate llares 
species  was  studied  in  the  hybrids  between  B.  vulgaris  and  species  of  the  ” 
section  Pate llares. 

Materials  and  Methods  _ 


F-,  hybrids  between  multigerm  sugarbeets  and  Patellares  species  always  — 
developed  a  multifloral  inflorescence*  and  multigerm  fruits.  Therefore, 
in  the  given  experiment  only  monogerm  sugarbeet  races,  homozygous  for  the 
recessive  gene  m,  which  determines  the  monogerm  character,  were  used  as  a  _ 
female  parent.  The  populations  of  the  monogerm  B_.  vulgaris  races,  of 
B.  patellaris ,  and  of  diploid  hybrids  (2n  B_.  vulgaris  x  2n  B.  procumbens),  — 
triploid  hybrids  (4n  IB.  vulgaris  x  2n  B.  procumbens)  and  of“ tetraploid  hy- 
brids  ( 4n  B_.  vulgaris~x  4n  B_.  patellaris)  were  studied.  — 

Five  hybrid  matings  were  studied  at  each  ploidy  level.  In  each  mating, 

1  plant  was  examined  (5  plants  for  each  ploidy  level).  Five  monogerm  — 

B.  vulgaris  and  5  B.  patellaris  plants  were  also  examined.  The  number  of 
flowers  was  determined  in  100  inflorescence  units  in  each  plant  (2  reps.:  “ 

50  inflorescence  units  from  one  branch  and  50  from  another).  Total  500 
inflorescence  units  were  examined  in  each  population  studied. 

The  data  obtained  were  calculated  statistically  by  using  the  analysis 
of  variance.  _ 
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Fig.l.  Inflorescence  of  a  multigerm  sugarbeet. 
All  ovaries  with  contained  ovules  are  embedded 
in  the  tissue  of  the  peduncle.  X  22. 


Fig. 2.  Inflorescence  of  F-^  Vulgares-ratellares 
hybrid.  The  bases  of  individual  flowers  are  joined 
by  the  tissue  of  the  peduncle, but  the  ovaries 
with  contained  ovules  are  not  connected  together. 


22  . 
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Experimental  Results 

In  the  population  of  monogerm  B.  vulgaris  (sugarbeets)  the  mean  num¬ 
ber  of  flowers  per  inflorescence  unit  was  1.01;  and  in  the  population  of 
B.  patellaris  ,  3.80  (Table  1).  v  . 

All  F,  hybrid  populations  regardless  whether  they  were  diploid,  trip¬ 
loid,  or  tetraploid  developed  multifloral  inflorescence.  Mean  number  of 
flowers  per  inflorescence  unit  varied  from  3.73  in  the  diploid  hybrids, 
to  3.89  in  the  triploid  hybrids  and  to  3.77  in  the  tetraploid  hybrids. 

There  was  no  siginificant  difference  in  the  number  of  flowers  per  inflo¬ 
rescence  unit  among  all  F.  hybrid  populations.  F  calculated  for  the  2n, 

3n,  and  4n  hybrids  equaled  1.3,  whereas  F  tabulated  was  19.00  at  5%  point 
and  99.01  at  1%  point.  But  when  the  data  for  all  populations  were  com¬ 
pared  (B.  vulgaris  monogerm,  B.  patellaris  and  3  hybrid  populations), 
the  difference  xn  variability  between  populations  was  highly  significant. 
This  variability  was  contributed  by  the  monogerm  population.  F  calculat¬ 
ed  was  81.9  and  greatly  exceeded  the  F  tabulated,  which  equaled  6.39  at 
5%  and  15.98  at  1%. 

Difference  between  replications  calculated  for  5  populations  was  in¬ 
significant  F  =  1.1,  while  F  tabulated  at  5%  point  was  7.71  and  at  1% 

21.20. 

The  interaction  population  x  replication  was  also  insignificant. 

F  calculated  for  5  populations  was  less  than  1. 

T-test  for  significance  of  difference  between  5  populations  indicated 
that  the  only  significant  difference  in  the  number  of  flowers  per  inflo¬ 
rescence  unit  was  observed  between  monogerm  B.  vulgaris  and  all  other 
populations  (B.  patellaris  and  3  hybrid  populations) .  T  calculated  was 
20.549  and  T  tabulated  2.101  at  0.05,  and  2.878  at  0.01.  There  was  no  signi 
ficant  difference  between  diploid,  triploid  and  tetraploid  hybrid  population 
and  between  hybrid  populations  and  population  of  ]B.  patellaris  (Table  2). 

An  anatomical  study  of  the  multifloral  inflorescence  in  F  Vulgares- 
Patel lares  hybrids  showed  that  only  the  bases  of  the  individual  flowers 
were  joined  by  the  tissue  of  the  common  peduncle.  The  major  part  of  the 
flowers  grew  over  the  peduncle.  The  ovaries  of  the  individual  flowers, 
together  with  the  contained  ovules,  are  not  connected  together.  For  this 
reason  the  individual  fruits  in  a  multigerm  fruit  of  Fj_  hybrids  are  joined 
only  at  their  bases,  but  are  not  embedded  in  the  common  pericarp  and  may 
be  comparatively  easy  separated  from  each  other  (Figure  2). 
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Table  2  •••  Difference  in  the  average  number  of  flowers  per  inflorescence 

unit  between  populations 


Difference  between  following  t  t 


populations 

calculated 

tabulated 

0.05 

0.01 

2n 

and  3n  hybrids 

0.16 

0.799 

2,101 

2.878 

3n 

and  4n  hybrids 

0.12 

0.617 

2.101 

2.878 

4n 

F^  hybrids  and  B. 

patellaris 

0.03 

0.176 

2.101 

2.878 

4n 

F^  hybrids  and  B. 

vulgaris 
mono germ 

2.76 

20.549* 

2.101 

2.878 
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Discussion  and  Conclusions 


In  the  species  B.  vulgaris ,  the  type  of  inflorescence  and  fruit  is 
controlled  by  the  alTel  Mm.  The  recessive  gene  m  is  responsible  for  the 
development  of  a  simple  inflorescence  and  consequently  for  the  produc¬ 
tion  of  monogerm  fruit.  Monogerm  sugarbeet  races  are  homozygous  for  the 
recessive  gene  m.  Hybridization  of  two  monogerm  plants  produces  monogerm 
Fq_  progeny.  In”the  monogerm  x  multigerm  matings,  F]_  hybrids  are  multi¬ 
germ. 

Inflorescence  in  the  F-^  hybrids  derived  from  crosses  of  monogerm 
sugarbeets  x  Patellares  species  was  similar  to  the  inflorescence  in  F-^ 
hybrids  between  monogerm  and  multigerm  races  of  B.  vulgaris .  All 
diploid,  triploid,  and  tetraploid  interspecific  F^  hybrids  developed  a 
compound  multifloral  inflorescence  and  produced  multigerm  fruits.  They 
proved  conclusively  that  the  species  of  Patellares  section  did  not  carry 
the  gene  for  the  monogerm  trait. 

Whether  the  gene  M,  or  some  other  gene,  is  responsible  for  the 
formation  of  a  multifloral  inflorescence  in  Patellares  species,  the 
genetic  nature  of  these  species  is  similar  to  the  multi germ  races  of 
B.  vulgaris .  The  multifloral  inflorescence  of  Patellares  species  which 
produces  monogerm  fruits  on  pedicels  should  be  considered  as  only  a  kind 
of  variation  of  the  multifloral  inflorescehce. 

As  in  the  F^  Mm  hybrids  within  B.  vulgaris ,  the  multigerm  character 
was  dominant  also  in  the  interspecific  V ulgares -Pat ellares  hybrids.  Even 
the  triploid  Fn  hybrids  with  two  genes  m  and  one  gene  M  were  multigerm. 
The  monogerm  character  cannot  be  transmitted  from  PateTlares species; 
nevertheless,  the  monogerm  fruits  are  produced. 

VULGARIS-COROLLIFLORA  HYBRIDS 


Helen  Savitsky,  V.  F.  Savitsky,  C*  W.  Benmtt 

Species  of  the  section  Corollinae  Tr.  are  immune  or  highly  resistant 
to  curly  top.  To  study  the  possibility  of  transmission  of  resistance  to 
curly  top  from  wild  species  to  sugarbeets.  Dr.  V.  F.  Savitsky  crossed 
several  species  of  the  section  Corollinae  with  sugarbeets.  Hybridization 
resulted  in  obtaining  different  hybrids,  among  them  an  F-^  hybrid  between 
B.  vulgaris  (sugarbeet)  and  B.  corolliflora. 

The  F-j_  hybrid  developed  in  a  vigorous  plant  and  was  fertilized  by  the 
gametes  of  diploid  sugarbeets  under  open  pollination  in  the  greenhouse. 

The  firsb-backcross  seeds  (b]_)  harvested  from  the  F^  plant  by  Dr.  V.  F. 
Savitsky  were  given  to  Dr.  Bennett  for  the  test  for  curly  top  resistance. 

Study  of  curly  top  resistance  in  the  vulgaris -corolliflora  hvbridn 
was  performed  by  Dr.  Bennett;  cytological  investigations  and  the  further 
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work  with  these  hybrids,  by  Helen  Savitsky. 

The  hybrid  seeds  were  planted  by  Dr.  Bennett  in  the  flat  and  the 

seedlings  in  the  cotyiedone  stage  were  transplanted  to  6-inch  pots. 

After  the  plants  had  become  established  they  were  inoculated  by  a 
virulent  strain  of  the  curly  top  virus  (Paso  Robles)  by  means  of  the 
beet  leafhopper,  Circulifer  tens l lus ,  The  strain  of  curly  top  virus 
used  this  test  was  one  of  the  most  virulent  strains  available  for 
testing  and  is  capable  of  causing  severe  symptoms  of  curly  top  on 
varieties  of  the  level  of  resistance  of  US  75.  Four  hundred  plants 
were  inoculated. 

Some  of  the  inoculated  plants  began  to  show  vein  clearing  in  7  days. 
There  was  a  wide  range  of  reaction  to  curly  top,  varying  from  severe 
leaf  rolling,  vein  swelling,  and  stunting  to  barely  visible  vein  swel¬ 
ling.  Thirty-two  plants  showed  no  symptoms.  These  plants  were  reinocul¬ 
ated  at  the  10»to  12-leaf  stage,  using  about  30  leafhoppers  per  plant. 

Three  of  the  32  plants  showed  symptoms  and  were  discarded.  The  remain¬ 
ing  29  plants  that  showed  no  symptoms  of  curly  top  were  retained.  These 
plants  evidently  had  a  very  high  level  of  resistance  and  it  seems  pro¬ 
bable  that  some  of  them  might  even  be  immune  to  the  strain  of  virus  used. 

Limited  tests  of  B.  corolli flora  have  indicated  a  very  high  resist¬ 
ance  to  curly  top  in  this  species.  Three  plants,  2  or  3  months  old, 
were  placed  in  large  cages  to  which  approximately  100  leafhoppers  carry¬ 
ing  the  Paso  Robles  strain  of  virus  were  added.  To  each  plant  the  leaf¬ 
hoppers  were  allowed  to  feed  for  2  weeks,  after  which  they  were  removed 
and  the  plants  treated  to  destroy  nymphs  that  subsequently  hatched. 

The  plants  were  retained  for  several  months  but  no  symptoms  of  curly  top 
were  observed;  and  no  virus  was  recovered  in  the  tests  with  nonviruliferous 
leafhoppers.  These  plants  were  either  immune  or  very  highly  resistant 
to  the  strain  of  curly  top  virus  used. 

Both  parents  used  for  hybridization —  sugarbeet  and  B,  corolliflora — 
were  tetraploid.  The  cytological  study  established  that  the  Fj_  hybrid  was 
also  a  tetraploid  plant  having  36  chromosomes  in  somatic  cells. 

Meiosis  in  F-j  hybrid  was  very  regular  and  many  viable  pollen  grains 
and  egg  cells  were  formed.  Seed  setting  under  open  pollination  was 
abundant. 

Chromosome  number  was  checked  in  all  b-,  plants  in  the  highly  resistant 
to  curly  top  group,  and  also  in  some  curly  top  susceptible  plants.  All 
bj_  plants  were  triploids,  or  aneuploids  approaching  to  triploids.  In  the 
group  highly  resistant  to  curly  top  the  majority  of  plants  had  27  chromo¬ 
somes,  3  plants  had  26  chromosomes,  2  plants  28  chromosomes,  and  1  plant 
24  chromosomes.  All  bq  plants  carried  several  B.  corolliflora  chromosomes 
which  differed  from  B_.  vulgaris  chromosomes  by  their  length.  Dbviously 
the  plants  in  the  curly  top  resistant  group  carried  a  chromosome,  or 
chromosomes* of  B.  corolliflora  which  were  responsible  for  resistance,  or 
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Immunity,  to  curly  top.  Although  the  chromosomes  of  B.  corolllflora 
were  also  present  in  the  curly  top  susceptible  plants,  these  chromo¬ 
somes  did  not  carry  the  genes  which  controlled  curly  top  resistance. 

All  first-backcross  progeny  resembled  the  wild  species  B.  corolliflora, 
not  the  sugarbeets,  because  of  the  high  number  of  B.  corolliflora 
chromosomes  they  carried. 

All  b^  plnrrts  were  male -sterile  and  were  pollinated  by  the  diploid 
sugarbeets  in  the  greenhouse.  Individual  plants  differed  in  the  grade 
of  fertility  but  the  majority  of  plantc  were  sufficiently  fertile.  The 
b2  seeds  were  harvested  for  further  study. 

The  results  of  this  study  are  encouraging.  A  transmission  of  the 
high  grade  of  curly  top  resistance  from  to  b  hybrid  generation 
should  be  considered  as  a  beginning  of  the  work,  because  the  b-^  hybrids 
still  carry  many  chromosomes  and  many  characters  of  wild  species. 
Obtaining  subsequent  hybrid  generations,  selection  for  curly  top 
resistance,  and  detailed  cyto logical  study  of  the  hybrids,  which  will 
throw  more  light  on  the  processes  involved,  are  necessary  for  the 
successful  accomplishment  of  this  work. 
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PART  VI 


SCREENING,  SEU3CTING,  AND  BREEDING 
FOR  RESISTANCE  TO  CURLY  TOP 


A.  M.  Murphy 


C.  L.  Schneider 


Cooperation:  Utah  State  University 


The  research  was  supported  in  part  by  funds  provided  through 
the  Beet  Sugar  Development  Foundation  (Projects  21  and  27) . 
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CURLY  TOP  SCREENING  TEST,  THATCHER,  UTAH 
By  Albert  M.  Murphy 


The  curly  top  disease  of  sugarbeets  continues  to  be  a  problem  to  the 
sugarbeet  industry  as  judged  by  breeders’  concern  to  incorporate  more 
curly  top  resistance  into  new  varieties.  One  reason  for  this  interest 
is  the  expansion  of  sugarbeet  growing  into  new  areas  where  severe 
outbreaks  of  curly  top  occur.  Unfortunately,  varieties  otherwise  best 
adapted  to  some  of  these  areas  do  not  carry  enough  resistance  to  pro¬ 
duce  maximum  yields  in  many  years  and  are  badly  damaged  in  years  of 
severe  curly  top  outbreaks'.  Another  reason  is  that  new  strains  of 
curly  top  virus  capable  of  damaging  present  resistant  varieties  are 
a  constant  threat.  These  reasons  seem  to  dictate  a  continuing  need 
for  a  program  of  breeding  for  curly  top  resistance. 

The  curly  top  testing  program  at  Logan  is  carried  on  in  the  greenhouse 
and  in  the  field.  This  part  of  the  report  has  to  do  primarily  with 
testing  in  the  field.  The  data  obtained  are  recorded  in  various  Parts 
of  this  report  except  for  material  from  the  Logan  station,  some  of  which 
is  reported  in  the  following  tables.  Curly  top  data  obtained  on  mate¬ 
rial  furnish  by  sugar  company  breeders  were  sent  to  the  breeders  con¬ 
cerned  . 

For  the  past  few  years,  curly  top  has  not  been  a  serious  disease  in 
sugarbeets  in  the  Interraountain  West,  and  the  incidence  of  curly  top 
in  1965  in  commercial  fields  was  the  lowest  on  record  in  sugarbeet 
growing  areas  of  Oregon,  Idaho,  and  most  likely  Utah.  The  incidence 
of  curly  top  in  the  curly  top  survey  was  the  lowest  since  1939. 

For  the  curly  top  nursery  or  screening  field,  the  natural  curly  top 
exposure  cannot  be  depended  upon  as  the  disease  is  too  sporadic. 

However,  even  when  the  epidemics  are  artifically  created,  which  has 
been  the  procedure  in  the  past  several  years,  the  severity  of  the 
exposure  still  greatly  depends  on  weather  conditions,  because  the 
beet  leaf hopper  (the  vector  of  the  curly  top  virus)  is  a  sun-loving, 
dry-climate  insect  that  favors  arid  and  semiarid  conditions.  Cer¬ 
tainly  weather  conditions  in  1965  were  the  most  uncooperative  imagin¬ 
able,  as  it  snowed  9  months  of  the  12  with  only  June,  July,  and  August 
escaping,  and  we  had  the  latest  as  well  as  the  earliest  frosts.  The 
late  one  on  May  6  wiped  out  many  beet  plantings;  and  the  early  one, 
September  16,  gave  one  of  the  shortest  growing  seasons  on  record. 

The  September  freeze  was  the  coldest  since  1891.  Heavy  rains  in 
June  continued  to  slow  the  movement  of  the  beet  leafhopper  and  the 
development  of  curly  top.  But  in  spite  of  unfavorable  weather  condi¬ 
tions  and  the  low  numbers  of  beet  leafhoppers  entering  the  field,  a 
curly  top  epidemic  resulted  which  was  only  slightly  less  than  in  1964. 

It  was  satisfactory  for  all  purposes  except  to  make  further  curly  top 
progress  in  selecting  out  of  lines  already  extremely  high  in  curly  top 
resistance . 
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The  degree  of  disease  exposure  in  the  curly  top  nursery  is  rated  as: 
light,  moderate,  heavy,  and  drastic.  A  drastic  exposure  is  where 
practically  all  the  plants  in  U.S.  33  checks  are  killed  by  curly  top 
or  would  rate  a  curly  top  grade  of  approximately  S.  In  1965,  the 
average  curly  top  grade  of  the  US.  33  checks  was  only  4.5;  thus  the 
exposure  was  classed  as  being  light. 

In  Tables  1,  2,  and  3  are  recorded  the  curly  top  data  obtained  in  field 
plus  greenhouse  grades  obtained  from  Dr.  C.  L.  Schneider,  on  single 
cross  hybrids,  hybrids,  and  inbreds . 

This  material  appeared  in  yield  tests  1,  2,  and  3  at  Logan,  Utah, 
pages  152,  159,  and  161.  In  addition,  cooperative  curly  top  resist¬ 
ance  tests  are  reported  on  page  16,  Part  II,  and  page  173,  Part  VIII. 


TABLE  1 


SINGLE  CROSS  HYBRIDS 


C.T.  d/ 
C.T.  , Grade - 

Current  $  C.T.  $  C.T.  $  C.T.  Graded  Green- 

Number  Description  No.  Beets  7-30  8-25  9-lb  10-3  house 


4101 

SLC  129  X  C672 

4l 

0 

29. 3~ 

41.$. 

3 

5.9 

41112 

SLC  129  X  SLC  128 

6l 

3*3 

21.3 

39.3 

3.5 

4.7 

41162 

SLC  129  X  CT  5A 

51 

0 

17.6 

33.3 

3 

5.7 

41201 

SLC  129  X  SLC  35 

56 

5.4 

8.9 

16.1 

2.5 

6.2 

41399 

SLC  129  X  EL  32 

49 

2.0 

49.0 

73.5 

4 

7.1 

41426 

SLC  129  X  00.5 

56 

1.8 

51.8 

64.3 

3.5 

6.3 

4156 

SLC  129  X  EL  31 

58 

5.2 

53.4 

69.0 

4.5 

6.8 

4u47 

SLC  129  X  CT9 

40 

0 

17.5 

27.5 

2.5 

5.4 

41240 

SLC  129  X  Ov.  3 

48 

2.1 

52.1 

58.3 

3 

5.7 

5.2 

41357 

SLC  129  X  CT  5B 

42 

0 

47.6 

54.8 

3 

41588 

SLC  129  X  Ov.  1 

44 

15.9 

38.6 

56.8 

3.5 

5.8 

4.8 

4103 

AI  1  X  C672 

57 

1.8 

21.1 

35.1 

2.5 

4lll4 

AI  1  X  SLC  128 

56 

1.8 

17.9 

28.6 

3 

4.2 

41163 

AI  1  X  CT  5A 

47 

6.4 

23.4 

34.0 

2.5 

5.0 

5.1 

41203 

AI  1  X  SLC  35 

46 

4.3 

41.3 

45.7 

3 

4l4oi 

AI  1  X  EL  32 

54 

0 

53.7 

72.2 

4.5 

6.9 

41428 

AI  1  X  00.5 

58 

3.4 

34.5 

50.0 

—7 

3 

5 .4 
5.6 

41242 

AI  1  X  Ov.  3 

55 

1.8 

38.2 

45.5 

3 

41302 

AI  1  X  CT9 

53 

C 

17.0 

20.8 

2.5 

5.1 

4io6 

308H01  x  C672 

53 

3.8 

35.8 

67.9 

3.5 

6.1 

41121 

308H01  X  SLC  128 

56 

1.8 

46.4 

55.4 

3.5 

5.9 

5.8 

6.7 

6.8 

41169 

308H01  X  CT  5B 

50 

4.0 

46.0 

62.0 

4.5 

41211 

308H01  X  SLC  35 

55 

3.6 

4l.8 

61.8 

3.5 

41433 

308H01  x  00.5 

65 

3.1 

50.8 

72.3 

4 

4l402 

308H01  X  EL  32 

50 

4.0 

52.0 

68.0 

4.5 

6.8 

4167 

308H01  X  EL  31 

58 

5.2 

63.8 

77.6 

5 

7.0 

41278 

308H01  X  CT  9A 

50 

2.0 

54.0 

66.0 

4 

6.2 

41387 

308H01  X  Ov.  1 

57 

3.5 

56.1 

68.4 

4 

6.2 

41451 

308H01  X  3611  (ud) 

57 

5.3 

70.2 

84.2 

4.5 

8.0  . 

4lll8 

/ 

NB  1  X  SLC  128 

36 

0 

36.1 

41.7 

3 

4.2  £/ 

41245- 

NB  1  X  Ov.  3 

48 

2.1 

50.0 

64.6 

3 

5.1 

41306 

NB  1  X  CT9 

39 

0 

23.1 

28.2 

2' 

4.4 

41431 

NB  1  X  00.5 

46 

0 

34.8 

45.6 

3 

5-1 

4163 

1104  X  EL  31 

51 

2.0 

58.8 

88.2 

4.5 

7.3 

1114 

9132  X  CT5 

55. 

7.3 

21.8 

38.2 

2.5 

4.9 

4110 

0177  x  C672 

52 

5.8 

30.8 

36.5 

3.5 

Cont . -page 

5.1 

105 

105 


TABLE  1.  (cont.) 


Current 

Number 


Description 


No.  Beets 


<fo  C.T. 
7-30 


i  C.T. 
8-25 


C.T. 


%  C.T. 

9-14 


C.T.  ^ j  Grade— ^ 


Grade-' 
10-3 


Green¬ 

house 


4l66 


0177  X  EL  31 


47 


4111 

0178  x  C672 

59 

4159 

0178  X  EL  31 

56 

41438 

0178  x  00.5 

54 

4112 

0130  x  C672 

53 

4i6o 

0130  X  EL  31 

56 

41123 

0130  X  SLC  128 

53 

41259 

0130  X  327-4 

49 

4l44l 

0130  X  Ov.  5 

56 

41122 

S3317  X  SLC  128 

56 

41156 

S3317  X  CT9 

45 

41170 

c  / 

S3317  X  CT  5B 

53 

41250 

S3317  X  0v.  3 

55 

4l4o6 

S3317  X  EL  32 

56 

4l434 

S3317  x  00.5 

59 

4157 

SLC  128  X  EL  31 

51 

41385 

SLC  128  X  Ov.  1 

52 

4 142  7 

SLC  128  X  00.5 

66 

4 161 

CT9  X  EL  31 

59 

41117 

CT9  X  SLC  128 

45 

41246 

CT9  X  Ov.  3 

54 

41430  , 
414482./ 

CT9  X  00.5 

58 

CT9  X  3611  (ud) 

44 

41435 

SLC  35  X  00.5 

53 

41105 

SLC  35  X  0534 

50 

4ll6l 

SLC  35  X  CT  5B 

58 

41157 

SLC  35  X  CT9 

4l 

41394 

SLC  35  X  Ov.  1 

54 

Check 

u.s.  33a/ 

1185 

Check 

U.S.  4lB/ 

401 

8.5 

59.8 

80.8 

5. 

6.3 

1.7 

32.2 

37.3 

3 

4.6 

1.8 

53.6 

76.8 

4.5 

6.4 

5.6 

44.4 

51.8 

3.5 

5.5 

7.5 

45.3 

43.4 

3 

4.9 

8.9 

67.8 

78.6 

.  5 

5.8 

3.8 

26.4 

43.4 

3 

4.3 

2.0 

4o.8 

49.0 

3.5 

4.6 

5.4 

33.9 

57.1 

3 

5.3 

1.8 

8.9 

37.5 

3.5 

5. °f/ 
3*7- 

4.4 

8.9 

24.4 

2 

7.5 

18.9 

45.3 

2.5 

4.1 

9.1 

38.2 

60.0 

3.5 

4.1 

1.8 

42.8 

58.9 

4.5 

5.3 

3.4 

49.2 

76.3 

4 

4.7 

7.8 

52.9 

82.4 

5 

5.8 

1.9 

30.8 

61.5 

3 

4.0 

1.5 

59.1 

68.2 

4 

4.6 

5.1 

4.4 

57.6 

26.7 

66.1 

48.9 

4.5 

3 

5.5  , 

4. 22/ 

9.3 

40.7 

57.4 

3 

4.6 

6.9 

4l.4 

53.4 

3.5 

4.7  / 

6.8 

5  6.8 

77.3 

4.5 

6.3  d 

3.8 

54.7 

84.9 

4.5 

5-1 

4.0 

38.0 

58.0 

3.5 

4.0 

0 

22.4 

4l.4 

3 

5.4 
5.0 

4.8 

5.5 

4.9 

4.9 

65.8 

85.4 

4 

9.2 

57.4 

81.5 

4 

8.3 

59.6 

76.0 

4.5 

5.0 

35.7 

52.1 

3 

a/  Average  of  all  U.S.  33  checks  in  test  area. 

b /  Average  of  all  U.S.  4l  checks  in  test  area. 

c/  Placed  highest  in  gross  sugar  in  Logan  variety  Test  No.  1. 

d/  Curly  top  grades  from  0  (no  symptoms)  to  9  (dead). 

e/  Results  are  means  of  two  experiments . 

f /  Plants  were  selected  for  curly  top  resistance. 
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TABLE  3.  INBREDS 


Current 

1  Number 

Description 

No.  Beets 

1 

VjJ  0 

0  • 

1-3 

* 

i  C.T. 
8-25 

dP  C.T. 
9-14 

C.T.  Grade- 

Grade—  Green - 
10-3  house 

4127 

SLC  129  CI43 

30 

3.3 

53.3 

60.0 

4.5 

4.8 

4ino 

SLC  128  CMS 

20 

C 

45.0 

55.0 

4 

5.5 

41150 

CT9  CMS 

43 

11.6 

25.6 

25.6 

2.5 

5.0 

41212 

SLC  35  CMS 

48 

4.2 

56.2 

64.6 

3.5 

5.7 

4600 

C672 

42 

4.8 

14.3 

33.3 

3 

5-2 

4602 

SLC  129 

4o 

10.0 

32.5 

42.5 

4.5 

5.2 

4605 

3L  31 

38 

2.6 

760 

100.0 

7.5 

8.6 

46o4 

FC  503 

27 

11.1 

92.6 

100.0 

8 

6.9 

4  605 

SLC  126 

4i 

4.9 

141.5 

58.5 

4 

7.1 

46o6 

SLC  128 

4o 

0 

17.5 

27.5 

2.5 

5.1 

4607 

Line  289 

45 

6.7 

46.7 

64.4 

4 

5.4 

4  608 

SLC  132 

50 

0 

10.0 

38.0 

3 

4.0 

4609 

CT9 

37 

13.5 

29.7 

29.7 

2.5 

4.4 

46lo 

CT  5B  Sub line 

42 

2.4 

31.0 

54.8 

3.5 

4.5 

46ll 

00.2 

43 

4.2 

83.3 

89.6 

5 

5.7 

4612 

EL  33 

43 

2.3 

74.4 

90.7 

6 

7.8 

4613 

SLC  35 

51 

7.8 

35.3 

5M 

4 

4.7 

4615 

Ov.  3 

4l 

7.3 

80.5 

85.4 

4 

6.6 

46i6 

SLC  127 

26 

0 

30.8 

42.3 

3.5 

6.2 

4617 

CT  9A 

4l 

2.4 

48.8 

73.2 

4 

5.5 

4619 

SLC  122 

35 

0 

17.1 

31.4 

3.5 

5.8 

4620 

CT9 

45 

2.2 

53.3 

68.9 

4 

5.8 

4621 

(m'm' ) 

39 

15.4 

92.3 

97.4 

5.5 

8.5 

4622 

(CT5  X  CT9) 

33 

3.0 

63.6 

69.7 

3.5 

5.4 

4623 

(C515) 

10 

0 

50.0 

70.0 

5 

7.4 

4624  - 

CT  5B  Subline 

53 

0 

20.8 

30.2 

3 

5.9 

4625 

36139  (NB-1) 

36 

5.6 

27.8 

27.8 

1.5 

2.3 

4626 

Ov.  1 

43 

7.0 

48.8 

6a  .8 

4 

5.5 

4627 

EL  32 

43 

2.3 

58.1 

90.7 

6 

7.6 

4628 

SLC  122 

44 

4.5 

15.9 

22.7 

3 

4.8 

4629 

00.5 

56 

5.4 

46.4 

75.0 

4 

5.6 

4630  -1 

3611  (ud) 

46 

8.7 

76.1 

91.3 

5.5 

7.5 

R46oi 

R3507-15 

39 

12.8 

89.7 

100.0 

6.5 

6.8 

3551-2 

CT5 

3 

0 

33.3 

100.0 

3.5 

3514-1 

SLC  130 

15 

6.7 

13.3 

33.3 

2.5 

l 
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TABLE  2. 


HYBRIDS 


Current 

Number 

Description  No. 

Beets 

$  C.T. 
7-30 

<j>  C.T. 
8-25 

A  C.T. 

9-14 

C.T.  d 

Grade" 

10-3 

C. v.  d/ 
yGr ado- 
■  Green¬ 
house 

511004-1 

SLC  35  x  630  s2 

49 

2.0 

34.7 

46.9 

3.5 

4.8 

31939-9 

(7121XCT5)  X  630S2 

48 

6.2 

18.8 

22.9 

O 

5.1 

51939-8 

(7121XCT5)  X  63OS2 

51 

0 

15.7 

17.6 

2 

3.7 

31998-1 

NB-1  X  630S2 

37 

0 

16.2 

29.7 

5 

3.5 

31955-9  „ 

./(AI  1X10)129)  X  63OS0 

52 

7.7 

4o.4 

48.1 

3*5 

4.3 

311004-9-  slc  35  X  630S2 

48 

0 

33.3 

6o.4 

5.5 

5.4 

31988-9 

(!29XNemaA)  X  63OS0 

43 

4.7 

27.9 

44.2 

5*5 

5-4 

31976-1  /  (0v.Xmr)  X  63OS2 

48 

2.1 

14.6 

27.1 

'j 

4 . 7 

31940 -lp-7  (7121XCT5)  X  63OS0 

55 

0 

14.5 

16.4 

5 

4.8 

31980  SJ 

(9132XCT5)  X  3611  (ud) 

4o 

5.0 

4o.o 

52.5 

3*5 

5.6 

319^3 

(135XCT5)  X  3611  (ud) 

46 

4.3 

43.5 

56.5 

3o 

5*3 

31980-9 

(AI -1X130)  X  630S2 

59 

1.7 

27.1 

32.2 

4.3 

1101 

(129XCT5)  X.  (630XCT5) 

49 

0 

8.2 

30.6 

2 

4.2 

1112 

9132  X  CT5 

44 

0 

11.4 

18.2 

O 

5.9 

31976-7 

(Ov.Xm'm')  X  63OS2 

4l 

2.4 

26.8 

41.5 

2.5 

4.6 

31945-1 

(130x289)  X  630S2 

43 

2.1 

25.O 

45.8 

3 

4.4 

Check 

U.S.  33 

1183 

8.3 

59.6 

76.0 

4.5 

5*5 

Check 

u.s.  4i  ^ 

4oi 

5.0 

35.7 

52.1 

3 

ii.9 

a /  Average  of  all  U.S.  33  checks  in  lest  area. 

1 /  Average  of  all  U.S.  4l  checks  in  test  area. 

c/  Placed  highest  in  gross  sugar  in  Logan  variety  Test  No. 

d/  Curly  top  grades  from  0  (no  symptoms)  to  9  (dead). 


O 
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TABLE  3»  (cont.) 


i  C.T. 

n  p  / 

•  0/ 

Grade— 

Current 

C.T. 

C.T 

'.  Grade- 

Green- 

Number 

Description 

No.  Beets 

7-30 

8-25 

9-14 

nv 

t 

0 

H 

house 

3564-6 

♦ 

CT9 

19 

5.3 

84.2 

'  04.2 

#  5.5 

3520-2 

CTR  sel. 

28 

3  *6 

~z.r 

JJ  •  f 

60.7 

4 

3546-3 

0548  Subline 

63 

0 

7.0 

20.9 

O 

]  1.  t: 

3522-8 

0548  Subline 

4o 

15.0 

57*5 

57.5 

3 

S3317-5 

42 

0 

9.5 

40.5 

3 

2914 

AI  1 

45 

2.2 

20.0 

51.1 

3 

4.1 

2923 

NB  1 

27 

0 

18.5 

22.2 

O 

Check 

U.S.  33a/ 
u.s.  4i5/ 

1185 

8.3 

59.6 

76.0 

4.5 

5-5 

Check 

4oi 

5.0 

35.7 

52.1 

7 

;'.9 

a /  Vverage  of  all  U.S.  33  checks  in  test  area, 
o/  Average  of  all  U.S.  4l  checks  in  test  area, 
c/  Placed  highest  in  gross  sugar ,  in  Logan  variety  Test  ITo.  3* 
d/  Curly  top  grades  from  0  (no  symptoms )  to  9  (dead). 


r  t 
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GREENHOUSE  TESTS  OF  CURLY  TOP  RESISTANCE 
C.  L.  Schneider 


Material  and  Methods 

Two  groups  of  sugarbeet  strains  were  tested  for  curly  top 
resistance  in  the  greenhouse  at  the-  A.R.S.  Crops  Research  Laboratory, 
Logan,  Utah,  in  1965*  Group  I  comprised  2kj>  entries  which  had  also 
been  tested  in  field  exposures  of  curly  top  in  plots  at  Thatcher,  Utah, 
by  Albert  M.  Murphy  in  1964.  The  greenhouse  tests  of  the  entries  in 
Group  I  were  begun  in  April  1964  and  were  completed  in  March,  1965* 

Most  of  the  Group  I  entries  were  supplied  by  J.  Clair  Theurer  of  the 
Logan  Station. 

Group  II  comprised  192  entries,  many  of  which  were  also  included 
in  curly  top  evaluation  field  plots  at  Thatcher  in  196%  J*  Clair 
Theurer  supplied  8 3$  of  the  entries  in  Group  II;  John  0.  Gaskill  of 
the  Fort  Collins  station  supplied  15$,  and  the  remainder  came  from 
miscellaneous  sources.  Group  II  entries  were  tested  during  the  period 
of  March-December ,  1965. 

Viruliferous  beet  leafhoppers  (Circulifer  tenellus )  were  obtained 
for  inoculation  tests  as  follows*.  Insects  from  non-viruliferous  stocks 
were  caged  for  at  least  7  days  on  sugarbeets  infected  with  a  virulent 
culture  of  curly  top.  Cages  were  of  plastic  and  organdy  (fig.  l)  and 
of  the  type  developed  originally  at  USDA  Entomology  Laboratory,  Twin 
Falls,  Idaho.  The  virus  culture,  designated  as  AIA,  was  isolated  in 
1962  from  a  sugarbeet  plant  exposed  in  the  greenhouse  to  leafhoppers 
collected  in  the  desert  near  Promontory.  Utah,  and  had  been  maintained 
subsequently  in  plants  of  sugarbeet  varieties  rated  resistant  or 
moderately  resistant  to  curly  top. 

Techniques  for  inoculating  seedlings  were  adapted  from  methods 
described  by  Giddings  (l).  Plants  to  be  inoculated  were  transplanted 
as  seedlings,  4  per  6"  pot.  When  the  first  true  leaves  began  to  appear, 
the  seedlings  were  exposed  to  viruliferous  leafhoppers .  There  were 
some  differences  in  the  methods  used  to  inoculate  plants  of  Group  I 
entries  and  those  of  Group  II.  In  Group  I,  one  small  glass  cage  (2) 
containing  one  leafhopper  was  attached  to  a  cotyledon  of  each  plant. 
After  plants  had  been  exposed  to  the  insects  for  approximately  7  days 
in  the  greenhouse,  each  cage  was  removed  by  cutting  the  cotyledon  near 
the  site  of  attachment  to  a  cage.  In  Group  II,  2  cages--  each  con¬ 
taining  1  leafhopper —  were  attached  to  each  plant,  one  on  each  cotyle¬ 
don.  During  the  exposure  period  of  about  7  days,  the  plants  were  kept 
in  a  growth  chamber  maintained  at  about  27°  C  and  with  a  24-hr .  photo¬ 
period  (fig.  2).  Upon  removal  of  vector  cages,  plants  were  trans¬ 
ferred  to  a  greenhouse. 


no 


About  6  weeks  after  inoculation,  incidence  of  infection  (no.^ 
of  plants  with  curly  top  symptoms /total  no.  of  plants  inoculated) 
and  severity  of  curly  top  of  each  entry  were  determined.  Each  plant 
inoculated  was  assigned  a  numerical  severity  rating  ranging  from  0 
(no  symptoms)  to  9  (plant  dead).  It  was  not  possible  to  determine 
readily  whether  symptomless  plants  had  escaped  adequate  exposure  to 
the  virus  or  whether  they  were  truly  immune  to  curly  top;  therefore, 
they  were  not  included  in  the  computation  of  the  mean  curly  top 
severity  score.  The  mean  pre-symptom  period  (time  in  days,  from 
inoculation  until  initial  expression  of  curly  top  symptoms)  of  each 
entry  was  also  determined. 

Limitations  of  space  and  time  precluded  testing  all  entries 
simultaneously.  Usually  each  test  comprised  9  entries  plus  moderately 
resistant  check  variety,  U.S.  4l,  included  as  a  basis  for  comparison. 
Each  entry  was  represented  by  20  plants  in  5  pots  and  the  experiment 
was  arranged  on  the  bench  in  a  randomized  block.  Entries  with  poor 
stands  or  those  that  gave  erratic  results  were  tested  a  second  time. 


Results 

Performance  of  the  check  variety,  U.S.  4l,in  each  test  of  Group 
II  is  shown  in  Table  1.  Similar  behavior  of  U.S.  4l  was  noted  in 
tests  of  Group  I,  conducted  earlier  and  reported  previously  in  part 
(3).  There  were  considerable  differences  in  curly  top  incidence, 
severity  rating  and  pre-symptom  period  of  U.S.  4l  in  different  tests, 
albeit  the  same  curly  top  culture  was  employed  in  each  test.  Some 
variables  that  are  considered  as  causes  of  these  differences  include: 
variation  in  virus  content  of  curly  top  source  plants  on  which 
leafhoppers  were  fed  prior  to  inoculation  of  seedlings;  variation 
between  lots  of  leafhoppers  in  ability  to  transmit  curly  top; and 
variation  in  environmental  conditions  in  the  greenhouse,  especially 
temperature  and  light.  Because  of  the  apparent  variation  in  intensity 
of  disease  exposure  or  development  between  tests,  as  evidenced  by 
check  variety  U.S.  4-1,  curly  top  reaction  of  each  entry  is  expressed 
in  percent  of  that  attained  by  U.S.  4l  in  the  same  test. 

Reactions  of  the  entries  in  Group  I  have  already  been  reported 
in  part  (3).  Field  and  greenhouse  curly  top  reactions  of  the  lines 
included  in  1964  tests  and  139  of  the  lines  included  in  1965  tests 
are  shown  in  figs.  3  and  4.  Field  data  were  obtained  and  furnished 
by  A.  M.  Murphy.  Highly  significant  correlation  coefficients  of  .471 
(Group  I  lines)  and  .667  (Group  II  lines)  indicate  positive  association 
among  field  and  greenhouse  curly  top  evaluations. 

With  curly  top  incidence  and  severity  ratings  of  Group  II 
entries,  there  was  a  relatively  low  degree  of  correlation  (Fig.  5). 

With  pre -symptom  period  and  curly  top  severity,  on  the  other  hand, 
there  was  significant  negative  correlation  (fig.  6). 


Ill 


Fig.  l.--Cage  containing  leafhoppers  on  curly  top  infected 
sugarbeet . 


Fig.  2. — Inoculation  cages  on  sugarbeet  seedlings  in  growth 
chamber . 
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Detailed  reports  on  performance  of  entries  in  these  tests  have 
been  forwarded  to  the  cooperators. 
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Table  1  -  Reaction  of  check  variety  U.S.  4l  in  a  series  of  greenhouse 

tests  (Group  II )  of  curly  top  resistance  of  sugarbeet  strains 

in  1965 


Test 

No. 

Curly.JT'opa 
Incidence 
(pet. ) 

Curly  Top  Severity 

Graded 

Pre -Symptom  Period 
(days ) 

c 

Range 

among  individuals  Mean 

R  ange 

,  among  individuals 

Mean 

1 

95 

5-9 

6.1 

3-12 

6.5 

2 

100 

4-9 

5-3 

8-4o 

12.0 

3 

90 

4-8 

5.6 

5-19 

10.1 

4 

75 

4-7 

5.5 

10-30 

15-3 

5 

90 

2-6 

4.5 

9-16 

12.8 

6 

55 

3-6 

4.6 

9-l4 

11.4 

rr 

7 

63 

3-6 

4.4 

5-34 

12.9 

8 

85 

2-9 

5-3 

7-40 

13.0 

9 

75 

2-6 

4.2 

8-4o 

14.8 

10 

80 

3-6 

4.8 

10-19 

14.4 

11 

70 

3-9 

4.7 

11-19 

14.5 

12 

100 

2-8 

5-4 

9-20 

12.6 

13 

90 

4-7 

4.2 

*  8-12 

10.9 

Ik 

90 

3-6 

4.5 

7-27 

13.6 

15 

79 

2-7 

4.5 

7-28 

14.8 

16 

95 

4-7 

4.4 

6-13 

9.7 

17 

85 

3-8 

5.2 

7-29 

14.5 

18 

100 

3-6 

4.6 

io-4o 

15.6 

19 

60 

4-6 

4.9 

12-16 

12.7 

20 

50 

3-7 

5.1 

11-21 

13.8 

21 

80 

4-8 

5.5 

9-14 

13.1 

AVERAGE:  8l.3 

4.9 

12.8 

a  No.  of  plants  with  curly  top  symptoms  divided  by  total  no.  of  plants 
inoculated. 

b  Numerical  ratings  from  1  (very  light  infection)  to  9  (plant  dead), 
c  Number  of  days  from  exposure  to  curly  top  until  initial  appearance 
of  curly  top  symptoms . 


COALY  TOP  CAADff  IN  FIELD  w  H05  2  CURLY  TOP6RRPC  IN  FICID  -  H44 
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CUM.Y  TOP  4MDC  IN  PCT.  OP  Uf.41  IN  6RICNH0USK 

«  3  -  Distribution  of  Group  I  sugarbeet  lines 

according  to  curly  top  grade  in  greenhouse 
and  field  tests. 


CURLY  TOP  6RAM  IN  POT.  OF  U.1  41  IN  tftCKNHOUtr 

.  4  -  Distribution  of  Group  II  sugarbeet  lines 

according  to  curly  top  grade  in  greenhouse 
and  field  tests. 


Fig 
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Fig.  5  -  Distribution  of  Group  II  sugarbeet  linos 

according  to  curly  top  grade  and  incidence 
in  the  greenhouse. 


cutty  TO*  (MM  IN  KftCTNT  0*  U1MI 

Fig.  6  -  Distribution  of  Group  II  sugarbeet  lines 
according  to  curly  top  grade  and  pre- 
syraptom  period  in  the  greenhouse. 
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DETERMINATION  OF  SOME  FACTORS  INFLUENCING  INCIDENCE  OF  CURLY  TOP  OF 

SUGAR BEET  SEEDLINGS 

C.  L.  Schneider  and  Ali  M.  Jafri 


In  greenhouse  testing  of  sugarheets  for  curly  top  resistance ,  it 
is  highly  desirable  that  all  susceptible  plants  show  curly  top  symptoms 
after  inoculation.  Symptualess  plants  complicate  greatly  the  evaluation 
of  resistance,  because  of  the  uncertainty  whether  they  indicate  disease 
immunity  or  disease  escape. 

In  our  greenhouse  tests,  curly  top  incidence  has  varied  considerably 
from  one  test  to  smother,  even  in  the  same  variety  and  with  the  same  virus 
culture.  For  example,  100$  of  the  seedlings  of  variety  U.S.  4l  became 
irtfected  in  one  test,  and  only  50$  became  infected  in  a  succeeding  test  9 

days  later. 

Several  factors  that  influence  curly  top  incidence  in  sugarbeets 
have  been  reported.  Bennett,  with  artificially  fed  leaf hoppers ,  showed: 
males  are  superior  to  females  in  transmitting  curly  top  and  adults  are 
superior  to  nymphs;  2  leaf hoppers  per  seedling  on  separate  cotyledons  are 
superior  to  2  on  one  cotyledon  or  one  per  plant;  and  incidence  increases 
with  time  of  feeding  on  test  seedlings  up  to  3rd  or  4th  day  (l).  Bennett 
and  Wallace  reported  that  individual  leafhoppers  vary  in  ability  to  transmit 
curly  top  (2).  Carsner  and  Stahl  showed  that  plants  kept  in  the  dark 
during  inoculation  period  are  more  readily  infected  through  cotyledons 
than  through  true  leaves  (3).  Giddings,  by  comparing  incidence  of  curly 
top  in  test  seedlings  showed  that  virus  concentration  is  higher  in  curly 
top  susceptible  sugarbeets  than  in  resistant  ones  and  that  virus  concen¬ 
tration  is  higher  in  plants  3-12  weeks  after  they  have  been  infected  than 
it  is  3-8  months  afterwards  (5).  He  also  showed  that  curly  top  resistance 
of  sugarbeet  seedlings  increased  during  an  8-day  period  (6).  Vest  showed 
that  inoculation  of  tomato  seedlings  through  cotyledons  resulted  in  higher 
curly  top  incidence  than  inoculation  through  the  first  true  leaves  (8). 

With  the  aim  of  improving  efficiency  of  inoculation  techniques  and 
methodology  employed  in  greenhouse  curly  top  resistance  tests  by  reducing 
the  likelihood  of  disease  escape,  we  studied  the  effects  of  some  biological 
and  environmental  factors  on  incidence  of  the  disease  in  sugarbeet  seedlings. 
Included  were  factors  studied  by  previous  investigators  (l,  2,  3;  5>  8)  in 
order  that  their  pertinence  to  the  particular  circumstances  in  which  our 
greenhouse  tests  are  conducted  could  be  determined. 


METHODS 

The  techniques,  described  as  follows,  were  used  except  where  others 
are  specified.  Beet  leaf hopper  (Circulifer  tenellus )  adults  from  non- 
viruliferous  stock  colonies  were  caged  for  about  7  days  on  inner  leaves  of 
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sugarbeets,  infected  with  a  virulent  ■train  of  curly  top  virua  (AIA). 
Seedlings,  4  per  6"  pot,  were  exposed  to  leafhoppers  from  infected  plants 
when  the  first  true  leaves  began  to  appear.  A  small  glass  cage  (4), 
containing  one  leafhopper,  was  attached  to  each  cotyledon  for  a^eriod 
of  5-7  days.  During  the  inoculation  period,  plants  were  kept  in  a  growth 
chamber  maintained  at  27°  C  and  provided  with  constant  fluorescent  and 
incandescent  illumination  of  about  1300  foot-candles.  Relative  humidity, 
not  regulated  in  the  chamber,  usually  equaled  30-40#  with  occasional  highs 
near  90^  and  lows  near  20^. 

Plants  were  examined  daily  for  appearance  of  curly  top  symptoms. 
About  6  weeks  after  inoculation,  final  counts  of  diseased  plants  were 
made, and  severity  of  curly  top  was  determined  in  accordance  with  a 
previously  described  method  (7)* 


RESULTS  AND  CONCLUSIONS 

1.  Comparison  of  Growth  Chamber  with  Greenhouse  -  Experiments 
conducted  in  October  and  November  showed  seedlings  of  2  curly  top 
resistant  sugarbeet  varieties,  inoculated  while  in  the  growth  chamber,  to 
have  higher  incidence  of  curly  top  than  seedlings  inoculated  while  in 
the  greenhouse  (Table  I)*  A  highly  susceptible  variety  included  in  the 
first  experiment  showed  about  the  same  incidence  in  both  environments. 
Little  difference  in  curly  top  severity  was  noted ^between  plants  inoculated 
in  the  growth  chamber  and  those  in  the  greenhouse.  Inasmuch  as  environ¬ 
mental  conditions  change  considerably  in  our  greenhouse  throughout  the 
year,  it  is  highly  probable  that  a  more  accurate  assessment  of  the 
advantages  of  the  growth  chamber  for  conducting  inocalation  tests  could 

be  made  after  a  series  of  similar  tests  throughout  a  year. 

2.  Age  of  Seedlings  -  In  a  resistant  variety,  curly  top  incidence 
decreased  markedly  as  seedling  age  increased  (Table  2).  With  a  very 
susceptible  variety  there  was  little  difference.  Both  varieties  showed  s 
more  severe  curly  top  symptoms  when  inoculated  17  days  after  planting  than 
when  inoculated  25  or  35  days  after.  These  results  confirm  previous 
reports  of  increased  resistance  of  young  sugarbeets  with  increase  in  age 
(6). 


3.  Site  of  Inoculation  -  With  the  exception  of  highly  susceptible 
variety  SL  7^2,  curly  top  incidence  was  higher  when  inoculation  cages  were 
attached  to  cotyledons  than  when  they  were  attached  to  first  true  leaves. 
(Table  2  and  3).  Site  of  infection  did  not  affect  curly  top  severity, 
however . 

Inoculation  Period  -  In  experiments  to  compare  efficacy  of  l, 

3,  5  or  7  day  inoculation  periods,  highest  curly  top  incidence  was  attained 
after  a  minimum  of  3-5  days,  according  to  variety  inoculated.  (Table  4). 
Curly  top  severity  did  not  appear  to  be  affected.  ' 
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TABLE  1.  Effect  .f  greenhouse  and  growth  chamber  environments  during 
inoculation  period  on  incidence  and  severity  of  curly  top  in  sugarbec  , 


seedlings 


Experiment 
(20-25  Oct, 

(a) 

#1 

1965) 

(a)(1) 

Experiment  42 
(17-23  Nov, '1965) 

Var . 

SL  742  ~ 

Var . 

SL  O667 

Var 

.  US  41 

C.T. 

C.T.  (c)' 

C.T. 

C.T.  (c) 

C.T. 

c7F.  (F)" 

Treatment 

Pet 

Grade 

Pet 

Gr  ctde 

Fct 

Grade 

Greenhouse 

89-5 

8.0 

70.6 

4.1 

40.0 

4.4 

Growth  Chamber 

87.5 

8.5 

80.0 

4.3 

70.0 

4.7 

(a)  Results  based  on  20  plants  included  in  each  treatment. 

(b)  One  plant  in  the  control  series  had  curly  top. 

(c)  CT  grades  range  from  0  (no  disease)  to  Q  (plant  dead). 


TABLE  2.  Effect  cf  age  of  plant  and  site  of  inoculation  on  incidence  and 
severity  of  curly  top  in  sugarbeet  seedlings 


Treatment 

(a) 

Var.  SL  742 

(a) 

Var.  SL  0667 

Nc.  days  from  planting 

Site  of 

C.T. 

C.T. 

C.T. 

C.T. 

to  inoculation 

Inoculation 

Pet 

Grade 

Pet 

Grade 

17 

Cotyledon 

75.0 

7.4 

oO.O 

4.0 

25 

Cotyledon 

65.O 

3*9 

43.0 

2.4 

25 

1st  true  leaf 

75.0 

6.2 

35.0 

2.6 

32 

Cotyledon 

70.0 

5.9 

15.0 

2.7 

32 

Is  0  true  leaf 

80.0 

5-5 

0 

0 

(a)  Results  based  on  20  plants  included 

in  eacl 

1  treatmc 

nt. 

TABLE  3.  Effect  of  site  of  inoculation  on  incidence  and  severity  of  curly 


top 

in  sugarbeet 

seedlings 

(a) 

Site  of 

Variety  U 

(1) 

Variety  U.  £ 

(1) 

.  4l 

Inoculation 

C.T.  Pet 

C.T.  Grade 

C.T.  Pet 

C.T.  Grade 

Cotyledon 

90.0 

5.2 

90.0 

'  4.4 

First  true  leaf 

50.0 

5.8 

65.O 

4.8 

(a)  Plant  inocuj 

.ated  26  days 

after  planting. 

(b)  Results  based  on  20  plants  inoculated. 
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TABLE  4.  Effect  of  time  of  exposure  to  viruliferous  beet  leaf hoppers  on 


incidence  and  severity  of  curly  top  in  sugarbeet  seedlings 


Exposure  Period 
(days) 

- (a) - 

Variety  SL  742 

- (a 7— 

Variety  SL  0667 

C.T.  Pet 

C.T.  Grade 

C.T.  Pet 

C.T.  Grade 

l 

77-5 

7.5 

60.0 

4.7 

3 

82.5 

8.1 

77.5 

4.3 

5 

90.0 

8.3 

71.0 

4.3 

7 

90.0 

7.8 

77.5 

4.9 

{a")  Results  based  on  means  of  2  experiments',  in  each  experiment  .  20  plants 


of  each  treatment  were  inoculated. 


TABLE  5.  Effect  of  sex  of  beet  leafhopper  vectors  on  incidence  and  severity 


of  curly  top  in.  sugarbeet  seedlings 


Experiment  #1  (a) 

Experiment  ff 2  (b) 

Sex  of  Leafhoppers 

(Variety 

SL  742) 

(Variety  U.S.  33) 

C.T.  Pet 

C.T.  Grade 

C.T.  Pet 

C.T.  Grade 

Male 

87.2 

8.5 

75.0 

6.0 

Female 

92.3 

8.1 

82.5 

5.8 

(a)  Results  based  on  39  plants  inoculated. 

(b)  Results  based  on  40  plants  inoculated. 


TABLE  6.  Effect  of  stage  of  development  of  beet  leafhopper  vectors  on 
incidence  and  severity  of  curly  top  in  seedlings  of  sugarbeet  variety 


U.S.  33 


- (cj - - 

Stage  of 

Leafhopper 

Percent  Curly  Top 

Curly  Top  Severity 

Nymph  (a) 

89.7 

5.9 

Adult  (b ) 

89.4. 

6.0 

(b)  Results  based  on  38  plants  inoculated. 

(c)  Two  plants  in  control  series  had  curly  top. 
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5.  Sex  and  Stage  of  Development  of  Leafhopper  -  In  each  of  2 
experiments,  curly  top  incidence  was  slightly  higher  (+5.1$  and  +7»5$) 
among  plants  inoculated  with  female  leafhoppers  than  among  those  inoculated 
with  males  (Table  5)»  Adults  and  nymphs  were  about  equal  in  ability  to 
transmit  curly  top  (Table  &).  Curly  top  severity  was  not  affected  in 
either  instance.  Our  studies  did  not  reveal  differences  in  ability  to 
transmit  curly  top  due  to  sex  and  age  of  leafhopper,  as  reported  by  Bennett 
(l),  possibly  because  of  gross  differences  in  methods  of  virus  acquisition 
by  the  vectors  that  were  employed  in  each  study. 

6.  Number  of  Leafhoppers  Per  Seedling  -  When  2  leafhoppers  were 
placed  on  each  seedling  -  one  per  cotyledon  -  curly  top  incidence  was 
subsequently  slightly  higher  than  when  one  leafhopper  was  placed  (Table  7)* 
Placement  of  2  viruliferous  leafhoppers  per  plant  in  one  cage  on  resistant 
variety  SL  0667  resulted  in  less  curly  top  incidence  than  did  placement 

of  2  leafhoppers  per  plant,  each  in  a  separate  cage  on  a  separate  cotyledon. 
These  results  tend  to  confirm  those  of  a  similar  study  (l). 


7.  Pre -inoculation  Dark  Period  -  Seedlings  covered  with  inverted 
light-proof  fiber  pots  for  24  hours  prior  to  inoculation  did  not  show 
higher  curly  top  incidence  than  untreated  seedlings,  as  these  results  show: 


Plants  with  curly  top/total  plants 

inoculated 

Treatment 

Variety  US  33 

Variety  US  41 

Pre -inoculation  dark  period 

17/18 

18/20 

Control 

16/16 

17/19 

8.  Virus  Acquisition  Period  -  It  has  been  reported  that  a  feeding 
period  in  excess  of  2  days  on  a  virus -infected  plant  is  required  for 
leafhoppers  to  acquire  a  maximum  charge  of  virus  (2).  Results  of  our 
exploratory  experiment, outlined  as  follows,  show  that  acquisition  periods 
of  l4  and  21  days  did  not  increase  curly  top  incidence  above  that  obtained 
after  a  7-day  period  that  we  have  customarily  used  in  our  inoculation  tests: 

a 

Virus  acquisition  period  Percent  curly  top  in  sugarbeet  varieties 

_ (days ) _  SL  68 _ US  73 _ SL  742 


7 

l4 

21 


80.0  80.0 

40.0  35.0 

80.0  70.0 


90.0 

75.0 

80.0 


a  Results  based  on  20  plants  of  each  variety  -  treatment  combination 
inoculated. 

9.  Curly  Top  Source  Plants  -  Leafhoppers  were  caged  concurrently 
on  2  sugarbeet  plants,  each  infected  with  the  same  virus  culture  and  each 
Showing  about  the  same  degree  of  curly  top  severity.  The  plants  differed 
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TABLE  7.  Effect  of  number  of  beet  leafhopper  vectors  per  plant  on 


Incidence  and  severity  of  curly  top  in  sugarbeet  seedlings 


No.  Leafhoppers 

(a) 

Var.  SL  742 

- (al 

Var.  SL  0667 

Per  Inoculation 

Cage 

Per  Seedling 

C.T. 

C.T. 

C.T. 

C.T. 

Pet 

Grade 

Pet 

Grade 

1 

1 

90.0 

7.8 

70.0 

4.9 

1 

2  (b) 

95-0 

8.2 

75.0 

5.5 

2 

1 

95.0 

7.3 

55.0 

5.8 

XaT)  Results  based  on  20  plants  per  treatment. 

(b)  One  cage  was  placed  on  each  cotyledon. 
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TABLE  8.  Comparison  of  curly  top  incidence  in  2  groups  of  sugarbeets 
each  inoculated  with  virus  from  a  different  source  plant 


Virus  Source  Plant 


Percent  curly  top  in  seedlings  of  each  sugarbeet  variety 
xposed  to  leafhoppers  from  each  virus  source  plant 


Variety 

Length  cf  time 

infected  wit 1 
curly  top 

SL  742 

us  75 

SL  0667 

US  4l 
(a) 

10  mos . 

j-3.3 

18.3 

1.7 

3576-1 

(D) 

7  mos . 

77-5 

60.0 

47.5 

(a)  Results  based  on  45  plants  of  each 

variety  inoculated 

with  virus  from 

this  source  plant. 

(b)  Results  based  on  30  plants  of  each  variety  inoculated  with  virus  from 
this  source  plant. 
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in  the  length  of  time  they  had  been  infected  with  curly  top  and  were  of 
different  varieties .  Curly  top  incidence  among  seedlings  exposed  to 
insects  from  one  of  the  virus -source  plants  was  considerably  higher  than 
among  seedlings  exposed  to  insects  from  the  other  (Table  8).  It  is  most 
likely  that  these  differences  in  curly  top  incidence  are  indicative  of 
differences  in  virus  concentration  in  the  source  rjlauts  and  are  governed 
by  factors  enumerated  by  Giddings  (5). 


SUMMARY 


Inoculation  of  sugarbeet  seedlings  in  a  controlled  environment 
growth  chamber  resulted  in  higher  curly  top  incidence  than  did  inoculation 
in  a  greenhouse.  As  age  of  the  seedlings  at  time  of  inoculation  increased, 
curly  top  incidence  decreased.  Inoculation  through  cotyledons  gave 
higher  curly  top  incidence  than  inoculation  through  first  true  leaves .  A 
minimum  of  5-5  days  inoculation  period  was  necessary  for  maximum  curly  top 
incidence.  Curly  top  incidence  increased  with  increase  in  number  of  leaf- 
hoppers  per  seedling.  Incidence  of  curly  top  differed  according  to  source 
plant.  Sex  and  stage  of  development  of  leafhoppers  did  not  noticeably 
affect  curly  top  incidence,  Pre -inoculation  period  of  darkness  or  an 
increase  in  virus  acquisition  period  above  7  days  did  not  increase  curly 
top  incidence. 
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STUDIES  ON  SEMI -MALE -STERILE  SUG  ARBEETS 
By  J.  C.  Theurer  and  E.  H.  Ottley 

TBe  I9L5  proposal  made  by  Dr.  F.  V.  Owen  (l)  for  the  Inheritance 
of  cytoplasmic  male  sterility  (CMS)  has  been  a  useful  tool  for  production 
of  commercial  hybrid  sugarbeets.  However,  at  the  time  of  publication, 
wo  decades  ago,  Owen  himself  recognized  That  the  two  proposed  genetic 
fac  ors  (X  and  z)  conditioning  CMS  did  not  gTve  a  complete  answer  for 
the  inheritance  of  this  character  .  Certain  except '  ons, mainly  associated 
with  semi -male  sterility,  were  pointed  out.  He  suggested  that  the  com¬ 
plexity  of  segregation  in  certain  semi -male -sterile  lines  would  have  to 
be  explained  by  genetic  factors  other  than  X  and  Z. 

Hogaboam  (2)  studied  segregation  in  semi -male -sterile  plants  and 
proposed  a  genetic  factor  (Sh)  which  enhanced  the  production  of  pollen 
of  Sxx  genotype.  By  contrast  many  lines  we  have  observed  appear  to  carry 
a  gene(s)  that  enhance  male  sterility. 

An  attempt  was  begun  at  Logan  in  1964  to  learn  more  about  semi- 
male  sterility  by  seeking  answers  to  the  following  questions :  How 
much  variation  occurs  within  partial -fertile  plants?  Can  we  isolate 
stable  partial -fertile  genotypes?  What  information  can  be  gained  by 
studying  segregation  of  progenies  from  a  single  partial-fertile  plant? 

All  plants  for  these  studies  were  grown  in  a  greenhouse  maintained 
between  70°  and  80°  F.  Supplemental  incandescent  light  was  supplied  for 
8  hours  per  day.  Fertility  was  determined  by  microscopic  examination  of 
a  random  sample  of  pollen  stained  with  aceto-carmine .  In  cases  where 
anthers  failed  to  dehisce,  a  pollen  sample  was  obtained  by  squashing  a 
random  sample  of  anthers  in  a  drop  of  stain  on  a  microscope  slide. 

Experiment  7^1 


Three  annual  CMS  hybrids,  previously  observed  to  segregate  male- 
sterile  and  semi -male -sterile  progeny,  were  planted  in  the  greenhouse 
in  January,  1964.  Each  plant  of  the  three  lines  was  carefully  observed 
for  dehiscence  of  pollen  during  the  last  week  of  March.  The  degree  of 
fertility  was  determined  microscopically,  then  the  plants  were  bagged 
with  a  -//10  white  paper  bag  for  seed  production.  Twelve  plants  each 
produced  20  or  more  selfed  seeds.  The  seed  was  sown  in  ground  beds  in 
the  greenhouse  and  pollen  fertility  readings  were  made  in  December. 

Results 


As  shown  in  Table  1,  the  various  lines  segregated  in  a  range  from 
male -sterile  to  apparently  fertile  offspring.  There  was  no  correlation 
between  the  fertility  of  the  original  parent  and  that  of  the  progenies. 
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Lines  selected  for  a  low  percentage  of  fertile  pollen  produced,  on  the 
average,  as  many  fertile  offspring  sis  did  9^  roller  parents.  Kiese 
results  suggest  that  semi -male  sterility  inner itance  is  very  complex  and 
that  stable  send -male -sterile  lines  are  difficult,  if  not  impossible, 
to  isolate.  The  variation  observed  could  be  attributed  to  a  series  of 
modifier  genes , to  instable  cytoplasm,  to  environmental  effects,  or  to  a 
combination  of  these  factors. 

Experiment  #2 

In  another  study  several  greenhouse  plants  were  repeatedly  sampled 
at  weekly  intervals  to  determine  the  variation  among  branches  of  an 
individual  plant.  Each  week  pollen  was  collected  from  a  different 
branch  of  the  plant. 

Results 


A  sample  of  the  results  observed  is  given  in  Table  2.  The 
fertility  varied  from  male -sterile  to  90#  stainable  pollen.  There  was 
a  tendency  for  the  fertility  of  a  plant  to  increase  until  seed  on  some 
branches  was  nearing  maturity  and  then  to  decrease  again.  This  may 
have  been  due  to  environment  or  to  physiological  changes  In  the  plant , 
as  suggested  by  Stein  et.  al  (3). 

Exper  latent  #3 

The  line  SL  7121  was  released  to  the  sugarbeet  industry  in  i960 
as  SLC  133  CMS.  It  is  a  cytoplasmic  male-sterile  line  that  was  used 
extensively  in  combining  ability  tests  in  1959*  l>r.  F.  V.  Owen  reported 
(i960  Research  Report)  that  this  line  may  need  some  roguing  to  white 
anther.  When  white -anther  CMS  7121  plants  were  crossed  with  good  0-type 
pollinators,  the  offspring  were  100#  male-sterile  (Table  3) •  However, 
when  7121  was  crossed  to  non -0-type  inbred  CT  9  or  to  SIC  130  (9136), 
male -sterile  and  partial  male -sterile  progeny  occurred.  Backcrosses 
of  (7121  X  SIC  130)  X  SLC  130  gave  mostly  male -sterile  offspring.  This 
result  is  not  unconmion  with  backcrosses  of  semi  -fertile  plants. 

We  selected  a  single  partial-fertile  plant  of  9136  (SL  7121  X 
SLC  130)  for  study  of  the  inheritance  of  semi -male  sterility.  This 
plant  was  bagged  and  subsequent  seed  planted  in  4-inch  pots  in  the 
greenhouse  in  August  1964.  When  the  plants  were  3  months  old,  they 
were  transf erred  to  a  cold  chamber  (45°  F)  for  a  2-month  photothermal 
induction  then  returned  to  the  greenhouse.  All  S-j_  (f2)  plants  were 
observed  for  pollen  fertility  visually  and  microscopically.  Pollen- 
producing  plants  were  allowed  to  self  under  bags  and  male -sterile 
segregates  were  crossed  to  the  annual  SLC  03  or  biennial  SIC  129  0-type 
pollinators • 
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TABLE  1.  —  Segregation  of  semi -male-sterile  plants  in  the  greenhouse. 


Current 

number 

Parent 

fertility 

percent 

Percent  fertility 

t upper  els*. 

;s  units ) 

Total 

number 

plants 

MS 

16 

30 

40 

0 

LT\ 

60 

70 

80 

90 

100 

Av. 

B  4921-3 

1 

7 

3 

1 

0 

0 

0 

0 

0 

1 

0 

1 

17.7 

13 

B  4921-11 

40 

13 

1 

3 

1 

0 

1 

1 

1 

1 

1 

0 

19.6 

23 

B  4923-2 

10 

2 

4 

5 

1 

2 

1 

1 

3 

2 

3 

0 

41.7 

24 

B  4923-4 

50 

0 

5 

1 

1 

1 

1 

2 

4 

3 

4 

0 

54.1 

22 

B  4923-5 

70 

1 

3 

4 

0 

0 

1 

4 

1 

3 

7 

0 

55.8 

24 

B  4923-3 

80 

2 

3 

2 

0 

1 

1 

0 

2 

2 

4 

3 

56.0 

20 

B  4923-1 

90 

6 

7 

0 

1 

0 

3 

0 

3 

2 

7 

2 

46.8 

31 

B  4924-3 

1 

7 

1 

0 

3 

0 

0 

0 

• 

1 

\ 

2 

5 

0 

J) 

4l.0 

19 

B  4924-9 

1 

10 

4 

4 

2 

0 

0 

0 

1 

6  11 

0 

47.8 

36 

B  4924-4 

90 

3 

2 

1 

2 

0 

0 

2 

1 

1 

r# 

0 

48,2 

t— 

i — 1 

6 

B  4924-6 

99 

14 

1 

1 

2 

0 

1 

2 

2 

2 

4 

2 

36.1 

$ 

31 
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TABLE  2.  --  Variation  among  branches  of  individual  plants 


Pollen  readings 


Vari ety 

Plant  No. 

Initial 

1 

2 

3- 

7 

3 

p  u.pl(.Q 

3- 

MS 

10 

6n 

60  ' 

60 

30 

B  7152 

7 

Trace 

7o 

9Q 

50. 

B  7152 

6 

20 

90 

60 

B  7157 

3 

MS 

30 

10 

B  7162 

2 

Trace 

20 

Trace 

20 

10 

B  7 162 

1 

25 

Trace 

30 

70 

TABLE  3*  --  Fertility  of  SL  7121  CMS  crossed  to  0-ty">e  and  non-O-typc 

pollinators 


Fertility  reading 


Hybrid 

Generation 

MS 

PF 

No. 

No 

7121  X  SLC  129 

L 

31 

0 

7121  X  SLC  128 

Fi 

35 

0 

7121  X  SLC  130 

F1 

68 

19 

7121  X  CT9 

Fi 

37 

23 

(7121  X  SLC  130) 

SLC 

130 

h 

115 

6 

(7121  X  SLC  130) 

SLC 

130 

°1 

50 

(7121  X  SLC  130) 

SLC 

130 

A 

13 

0 

F 


0 


0 

0 

0 

0 


0 
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Results 


Each  flower  on  the  selected  SL  913^  plant  was  tagged  with  a  small 
jewelry  tag  to  note  the  characteristics  of  the  individual  flower.  One 
flower  that  had  shrunken,  brown,  male -sterile  anthers  produced  a  viable 
embryo.  All  other  seed  result ed«*f rain  f'i'owefs  havtAg  three  6r  more  yellow 
partial -fertile  to  fertile  anthers. 

Si  (Fg)  progeny  of  this  plant  segregated  18  completely  male -sterile , 
21  partial  male -sterile  and  3  apparently  normal  pollen-producing  plants. 
These  results  fit  a  9:7  ratio  with  a  X^  probability  of  0.90.  This  would 
suggest  that  semi -male  sterility  was  governed  by  two  complementary  genes. 
Anthers  varied  from  shrunken,  brown,  and  empty  to  plump  and  yellow  with 
considerable  inter-  and  intra-flower  variation  on  each  plant. 

Seven  male -sterile  segregates  which  were  crossed  to  SLC  03  annual 
0-type  pollinator  were  evaluated  for  fertility  in  December  1965  and 
January  1966,  in  a  single  bay  of  the  greenhouse.  Under  a  3X  magnifier, 
anthers  from  three  of  the  most  fertile -appearing  flowers  and  two  of  the 
least  fertile -appearing  flowers  on  each  plant  were  selected  to  determine 
pollen  fertility.  Five  microscopic  fields  of  750X  (av.  of  100-150 
pollen  grains)  were  counted  for  each  of  the  five  samples  taken  from  a 
plant.  Considerable  inter-  and  intra-flower  variation  was  observed. 
Stainable  pollen  ranged  from  0  to  95$  with  an  average  of  52$.  Segregation 
for  fertility  of  these  hybrids  is  shown  in  Table  4. 

Since  all  male  steriles  were  produced  on  a  single  plant,  they 
should  carry  the  same  sterile  cytoplasm.  Furthermore,  the  CLC  03  should 
be  homozygous  for  genes  conditioning  sterility  since  this  line  was  in 
the  S]_o  generation  of  inbreeding. 

If  Sxxzz  represents  the  genotype  of  CMS  and  Nxxzz,  the  genotype 
for  0-type,  we  would  expect  only  male -sterile  offspring.  Only  line  5953 
would  fit  this  conclusion.  All  37  plants  of  this  line  were  originally 
scored  as  male  sterile,  however,  a  few  pollen-bearing  flowers  developed 
2  weeks  later  on  a  side  branch  of  one  plant.  A  hypothesis  that  would 
fit  all  of  the  data  is  hard  to  visualize. 

The  data  show  that  all  white -anther  male  steriles  are  not  of  che 
same  genotype,  that  the  SL  03  annual  is  not  an  0-type  pollinator  with 
these  male  steriles,  and  that  semi -male  sterility  inheritance  is  very 
complex. 

Biennial  crosses  of  male -sterile  X  SLC  129  and  selfed  progenies 
of  the  partial -fertile  to  fertile  Fg  segregates  have  been  phot other mally 
induced  and  are  presently  growing  in  the  greenhouse.  Data  on  fertility 
of  these  lines  will  not  be  available  until  a  later  date . 
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TABLE  4.  --  Pollen  fertility  of  male -sterile  segregates  of  9136®  crossed 

to  03  annual  0-type  pollinator 


Line  No. 

'  1  1  *■ 

Pollen  fertility 

PF 

F 

Total 

plants 

No. 

No. 

No. 

No. 

5913 

32 

4 

0 

36 

5921 

0 

5 

0 

5 

5924 

16 

8 

3 

27 

5931 

17 

53 

14 

84 

5933 

36 

1 

0 

37 

5936 

0 

5 

6 

11 

5937 

3 

2 

1 

6 
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Asexual  Transmission  of  Cytoplasmic  Male  Sterility 
by  J.  C.  Tfceurer  and  E.  H.  Ottley 

f 

Studies  on  possible  graft  transmission  of  cytoplasmic  male  sterility 
were  continued  in  1965.  More  dataware  sought  concerning  apparent  CMS 
segregates  in  grafted  lines  from  CT5  parentage*  (See  Table  7,  1964  Re¬ 
search  Report.)  In  addition,  the  Gp  generation  of  grafts  made  in  1963-64 
was  evaluated  -to  see  if  there  was  evidence  of  graft  transmission  of  the 
plasmic  factor  governing  male  sterility  in  those  lines.  Methods  of  study 
have  been  given  in  previous  reports. 


Results 


CT5  Biennial  Graft  Backcrosses.  In  1964  four  out  of  nine  male- 
sterile  plants  from  CT5  grafts  gave  male-sterile  progeny  when  they  were 
backcrossed  to  SLC  03  (annual  O-type  pollinator  homozygous  AA).  These 
four  lines  were  GB  4 101,  GB  4108,  GB  41015,  and  GB  41048.  In  1965  another 
population  of  GB  4l01  was  studied  and  again  resulted  in  the  same  frequency 
of  17  male-sterile  to  1  partial-fertile  plant  (Table  l).  Evidence  for 
additional  self  and  backcross  generations  involving  these  families  again 
verify  that  the  male  sterility  is  of  the  cytoplasmic  type.  Backcrosses 
result  in  mostly  male-sterile  progeny  rather  than  all  fertile  as  expected 
for  the  Mendelian  type.  Selfed  populations  give  poor  fits  to  the  3:1 
ratio  expected  with  genetic  male  sterility.  CT5  is  a  non-0-type  pollin¬ 
ator;  therefore,  some  partial-fertile  segregates  would  be  expected  when 
it  was  crossed  to  a  cytoplasmic  male-sterile  line. 

It  is  possible  that  the  original  line  was  carrying  male-sterile 
cytoplasm  and  segregating  for  the  genes  conditioning  CMS.  We  cannot  say 
we  have  been  successful  in  transmitting  the  plasmic  factor  across  the 
graft  union  until  we  can  prove  the  latter  point  incorrect. 

1963-64  Grafts  in  the  Gi  Generation.  The  fertility  of  five  lines 
in  the  Gp  and  one  biennial  line  in  the  G0  are  given  in  Table  2.  Two  of 
the  lines  had  male-sterile  progeny.  Number  9^4 l4  segregate!  as  high  as 
one-third  male-sterile  plants.  Our  records  indicate  that  thes  i  i;wo  lines 
do  not  carry  the  male-sterility  gene.  However,  we  cannot  ignore  this 
possibility. 

Further  study  will  have  to  be  made  to  be  assured  that  these  male- 
sterile  plants  are  of  the  cytoplasmic  type. 
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Table  1.— Self  and  backcross  generations  of  four  CT5  grafted  families 
giving  evidence  of  cytoplasmic  male  sterility. 


Family 

Line  number 

Description 

MS 

Fertility 

PF  F 

No. 

No. 

No. 

GB  4101 

mm  ^  mm 

(CT5/1114  CMS  graft)  MS  X  SLC  03 

33 

2 

0 

GB  5642-2 

GB  4101-12  selfed 

5 

12 

10 

GB  5201-1 

GB  4101  MS  X  SLC  03 

10 

3 

0 

GB  5248 

GB  5201  MS  X  SLC  03 

25 

0 

0 

GB  4l08 

GB  5245 

GB  4108  MS  X  SLC  03 

60 

10 

2 

GB  41015 

GB  5202 

GB  41015  MS  X  SLC  03 

47 

5 

4 

GB  5249 

GB  5202  MS  X  SLC  03 

29 

8 

0 

GB  41048 

GB  5203 

GB  41048  MS  X  SLC  03  _____ — 

46 

2 

0 

GB  5635 

GB  41048  selfed"" 

4 

2 

0 

Table  2. --Fertility  of  the  generation  of  grafts  made  to  SLC  03  CMS 
in  1963-196^. 


Current  number 

Description 

Fertility  distribution 
MS  PF  F 

GB  46210 

M3579-5  scion  selfed 

olo 

No. 

3 

No. 

35 

GB  4663 

944l4  scion  selfed 

154 

164 

91 

GB  46130 

94602.1  scion  selfed 

9 

205 

409 

GB  4680 

94625  scion  selfed 

0 

18 

289 

GB  4601 

SLC  03  scion  selfed 

0 

522 

805 

92.592.li/ 

92.592.1  scion 

0 

0 

21 

of  this  line  are  for  the  Go  (scion)  generation. 
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FOUR -WAY  HYBRID  SUGARBEETS  UTILIZING  CYTOPLASMIC  MALE  STERILITY 

By  J.  C.  Theurer 


In  195*1  Owen  (l)  suggested  that  breeders  might  find  merit  in 
producing  a  4-way  hybrid  sugarbeet  variety  (AXB)  X  (CXD).  In  his 
proposal ,  both  cytoplasmic  and  Mendelian  types  of  male  sterility  were 
utilized.  The  A  line  and  the  single  cross  A.B  would  carry  cytoplasmic 
male  sterility  and  the  pollinator  B  would  be  of  O-type .  The  grandparent 
C  would  be  a  line  heterozygous  for  the  Mendelian  male  sterility  gene 
and  would  be  rogued  to  sterile  plants  in  the  early  stages  of  flowering. 

The  D  pollinator  could  be  from  a  variety  of  material,  either  0-type  or 
non -O-type . 

The  necessary  roguing  work  during  the  bud  stage  to  eliminate 
pollen  producers  from  the  segregating  C  line  requires  a  significant  amount 
of  proper  timing  and  effort.  This  extensive  hand  labor  may  not  be 
justifiable  for  large-scale  seed  production.  At  least,  it  could  be  one  of 
the  major  reasons  that  few  4-way  hybrids  have  been  produced  for  commercial 
use  in  the  past  decade. 

Studies  conducted  this  patb  summer  with  hybrids  derived  from 
cytoplasmic  male -sterile  lines  and  a  pollen  restorer  line  indicate  it 
now  may  be  feasible  to  produce  a  4-way  hybrid  utilizing  only  the 
cytoplasmic  type  of  male  sterility.  This  is  evidenced  by  the  pollen 
fertility  and  seed  production  realized  when  a  pollen  restorer  (Rf)  line 
is  utilized  as  grandparent  D. 

The  production  of  the  4-way  hybrid  is  shown  schematically  below: 


A 


B 


Cytoplasmic 
Male -Sterile 
Inbred 


Male -Sterile  Fi 


C 


D 


0-Type 

X  Pollinaror 


Cytoplasmic 
Male -Sterile 
Inbred 


Pollen  Fertility 
X  Restorer  Inbred 


C.D 


F^  Pollinator 


Theoretically,  lines  A  and  B  would  be  selected  so  as  to  have  good 
combining  ability  with  lines  C  and  D  or  vice  versa. 
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The  frequency  of  lines  carrying  strong  fertility  restoring  genes 
is  low.  However,  it  appears  that  O-type  lines  in  most  cases  could  he 
converted  to  Rf  lines  by  a  3-  to  4-generation  backcrossing  program 
(See  Table  2). 

Pollen  fertility  readings  made  on  several  Rf  hybrids  arc  given 
in  Table  1.  Plants  were  visually  scored  at  both  St.  George,  Utah, 
and  Salinas,  California,  and  a  sample  of  pollen  from  plants  at  St. 

George  was  read  microscopically.  Several  lines  had  90-100  percent 
completely  fertile  plants.  All  20  of  the  hybrids  at  each  location 
consisted  of  fertile  or  partially  fertile  offspring.  S  me  plants 
produced  male -sterile  flowers,  but  no  single  plant  was  completely 
sterile.  The  hybrids  involving  SL  211H3  and  CT9rmn  had  more  plants 
scored  as  partial  fertiles  at  Salinas  than  at  St.  George.  SLC  128  X 
Rf  showed  the  reverse  tendency.  Of  interest  was  the  observation  that 
NB-1  had  a  low  percentage  of  completely  fertile  plants  at  both  locations. 
Thus  NB-1  appears  to  be  one  of  the  best,  if  not  the  best,  emasculator 
line  we  have  at  present. 

NB-1  CMS  also  showed  the  greatest  tendency  to  resist  pollen 
restoration  in  another  test  of  the  same  male -sterile  lines  crossed 
to  an  annual  Rf  line  derived  from  table  beets .  Fifteen  hybrids  in 
the  latter  test  ranged  from  44$  to  100$  fertile  plants,  whereas  the 
one  involving  NB-1  had  only  6$  completely  fertile  plants. 

A  population  of  50-60  plants  was  grown  at  each  location  for  each 
line*,  however,  failure  to  bolt  at  both  locations  and  curly  top  incidence 
at  St.  George  for  several  lines  resulted  in  rather  low  numbers  of 
plants  reaching  the  flowering  stage . 

Microscopic  readings  made  on  St.  George  material  and  on  a  few 
plants  grown  in  the  greenhouse  at  Logan  showed  a  range  of  10$  to  98$ 
of  aceto-carmine  stained  pollen. 

Seed  production  of  Rf  hybrids  is  good,  as  shown  by  the  4 -way 
Rf  hybrids  made  this  past  summer  in  local  insolation  plots.  (Table  2). 
The  various  hybrids  produced  l/3  to  4  l/2  pounds  of  seed  per  plot  with 
an  average  of  2  pounds  of  seed  per  plant.  These  4-way  hybrids  will  be 
evaluated  in  the  1966  variety  trials . 

Subsequent  backcrosses  to  0-type  lines  are  planned  for  1966  in 

an  effort  to  obtain  diverse,  disease-resistant,  high-quality,  restorer 
inbreds . 
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TABLE  1.  Pollen  fertility  readings  of  Rf  hybrids  at  St.  George ,  Utah, 

and  Salinas,  California,  in  1965 


Current 

*St.  Geoi’ge,  Ut. 

UJ 

•Salinas ,  Calif . 

No.  Description 

Number  Plants 

Number  Plants  % 

MS  PF  F  F  MSPFF  F 


R4129 

SL  211H3  X  Rf 

0 

5 

30 

86 

0 

24 

20 

45 

R4130 

SLC  127  X  Rf 

0 

0 

22 

100 

0 

2 

7 

78 

R4131 

SLC  129  X  Rf 

0 

0 

13 

100 

0 

0 

5 

100 

R4132 

SLC  128  X  Rf 

0 

18 

7 

28 

0 

1 

5 

100 

R4133 

AI-1  X  Rf 

0 

11 

17 

61 

0 

3 

16 

84 

R4134 

AI-10  X  Rf 

0 

1 

2 

67 

0 

1 

4 

80 

R4135 

CT9mm  X  Rf 

0 

1 

23 

96 

0 

7 

10 

59 

R4136 

NB-1  X  Rf 

0 

16 

5 

24 

0 

11 

7 

39 

R4137 

C515  X  Rf 

0 

0 

2 

100 

0 

0 

17 

100 

R4138 

F54-22-H-14  X  Rf 

0 

1 

16 

94 

0 

1 

55 

89 

R4139 

S  3317-5  X  Rf 

0 

1 

37  ' 

97 

0 

2 

27 

93 

r4i4o 

F.C.502  X  Rf 

0 

0 

2 

100 

0 

1 

5 

83 

r4i4i 

S  3317-14  X  R 

0 

0 

3 

100 

0 

1 

22 

96 

R4l42 

F.C.503  X  Rf 

0 

2 

6 

75 

0 

0 

37 

100 

r4i43 

308  Hoi  X  Rf 

0 

1 

30 

97 

0 

1 

31 

97 

r4i44 

2937  X  Rf 

0 

0 

31 

100 

0 

0 

4l 

100 

r4i45 

2938  X  Rf 

0 

5 

26 

84 

0 

0 

35 

100 

r4i46 

SLC  126  X  Rf 

0 

0 

64 

100 

0 

1 

59 

98 

r4i48 

SL  0130  X  Rf 

0 

0 

55 

100 

0 

1 

4l 

98 

r4301 

SLC  129  +  a  X  Rf 

0 

1 

28 

9*f 

0 

0* 

2C 

100 

pjl  302 

SLC  122  +  a  X  Rf 

0 

4 

13 

76 

0 

0 

4 

100 

R4601 

Rf  from  US201 

0 

15 

7 

32 

0 

0 

17 

100 

(l)  Readings  at  Salinas,  California,  were  made  by  1.0.  Skoyen 
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TABLE  2.  Seed  production  (pounds)  of  4-way  hybrids  utilizing  cytoplasmic 

male -sterile  and  restorer  lines. 


Female 


Male  Parent 


Parent 

AI-1 

X 

CT9  X  Rf 

■■■  ir 

AI-1  X  129 

— 

(9) 

1.25 

Al-1  X  0V3 

— 

(10) 

2.47 

AI-1  X  F.C.503 

— 

do) 

2.50 

CT9  X  F.C.503 

— 

— 

CT9  X  EL31 

— 

— 

127  x  133 

(6) 

0.77 

mm  mm  mm  mm 

120  X  F.C.503 

do) 

3.25 

(10) 

3.00 

129  X  C'T  5A 

— 

(7) 

1.75 

129  X  0V1 

(10) 

1.75 

(10) 

1.50 

308  Iiol  X  CT5B 

(8) 

2.47 

(10) 

4.29 

308  Hoi  X  129 

_ ... 

(10) 

2.75 

308  Hoi  X  00.5 

(7) 

0.30 

(4) 

0.99 

3-9  Hoi  X  EL31 

— 

- -  - 

S3317  x  F.c.503 

(10) 

2.50 

— 

F.c.502  x  00.5 

— 

.... 

F.C.503  X  CT5B 

(10) 

V_H 

• 

O 

O 

.... 

2/ 

AI-1 

(10) 

O 

. 

VJ1 

OH 

1 

.... 

2, 

CT9 

— 

(9) 

O.67 

128 

— 

129 

- - 

.... 

C515 

- - 

.... 

SLC 

128  X  R. 

f  129  X  R-p 

C515 

X  R.f 

(10) 

1.00 

— 

(7) 

3.25 

(10)  3.75 

(9) 

1.25 

(6) 

1.50 

(8) 

2.00 

(6) 

2.50 

(6) 

I.50 

(4) 

1.25 

(9) 

1.25 

(9) 

1.50 

(6) 

1.00 

(9) 

1.12 

— 

— 

---- 

(9) 

2.00 

(10)  2.00 

— 

do) 

3.25 

— 

.... 

(10) 

2.00 

.... 

(4) 

1.10 

— 

(2) 

0.77 

— 

(10) 

3.75  ' 

(7) 

2.00 

do) 

1.00 

— 

— 

(9) 

1.50 

(8) 

2.00 

.... 

(9) 

2.75 

.... 

2/ 

— 

— 

(10) 

0.36 

.... 

2/ 

.... 

— 

do) 

2.00 

- -  . 

2/ 

— 

— 

(5) 

0.30 

J  Numbers  in  parentheses  refer  to  the  number  of  plants  from  which  seed 
harvested. 

2/  generation  seeds. 


was 
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Crosses  and  Reciprocal  Crosses  with  the  Annual 
Male- Sterile  Tester  and  its  0-Type  Pollinator 

by  J.  C.  Theurer 

The  annual  male-sterile  tester  SLC  03  CMS  is  quite  universally 
used  to  index  pollinators  for  0-type,  While  it  has  proved  quite  helpful, 
reports  have  been  made  that  it  doesn*t  index  some  pollinators  the  same 
as  selected  biennial  CMS  lines  do.  Whether  this  is  due  to  different 
genotypes,  to  different  cytoplasms,  to  environmental  factors,  or  to  a 
combination  of  these  is  unknown. 

In  1964  seed  was  produced  in  isolation  of  crosses  between  SLC  03 
CMS  and  diverse  pollinators  from  various  sources.  Crosses  were  also  made 
between  various  biennial  CMS  lines  and  the  pollinator  SLC  03.  Where  pos¬ 
sible  this  seed  production  included  reciprocal  crosses  between  CMS  and 
pollinator  equivalents  of  the  annual  and  biennial  lines. 

All  of  the  above  crosses  were  planted  in  bay  2  of  the  greenhouse  in 
September  1964  and  maintained  in  a  temperature  of  approximately  700  F. 
Anthers  were  collected  from  each  plant  and  the  degree  of  pollen  fertility 
was  determined  by  microscopic  observation  of  percent  aceto-carmine  stained 
pollen. 


Results  and  Conclusions 


The  results  of  the  crosses  to  the  annual  CMS  tester  are  shown  in 
Table  1.  Of  the  27  pollinators,  13  were  0-type,  3  near- 0-type,  and  11 
non-0-type.  SLC  129,  SLC  128,  NB-1,  C515,  C672,  EL  31,  EL  32,  and  EL  33 
lines  all  produced  100$  male-sterile  progenies  as  expected.  The  CT  9 
lines  produced  abundant  partial-fertile  and  fertile  segregates.  Ifcis  is 
of  particular  interest  since  CT  9  mm  is  one  of  the  major  inbreds  used  in 
the  production  of  commercial  hybrids  in  the  interraountain  area. 

Lines  involving  CT  9,  00. 5,  and  8333  pollinators  gave  sufficient 
completely  fertile  offspring  to  suggest  they  carry  an  allele  of  the  dom¬ 
inant  *'XU  gene  for  pollen  fertility.  In  the  other  hybrids  male-sterile 
segregates  were  far  more  numerous  than  pollen-producing  offspring. 

(Clasees  MS  and  #2  vs.  #3,  and  F)  An  explanation  for  this  behavior 
may  be  that  male  sterility  is  dominant  to  partial  fertility  in  the  absence 
of  the  "X"  gene.  Alternatively,  a  change  of  some  S  to  N  type  cytoplasm 
could  be  the  reason  for  such  lopsided  segregations.  The  data  definitely 
show  that  white-anther  male-sterile  plants  do  not  necessarily  have  the 
same  identical  genotype. 

Seed  was  obtained  for  24  crosses  between  biennial  CMS  lines  and  the 
SLC  03  pollinator.  Readings  of  these  lines  show  13  0-type,  4  near-O-type, 
and  7  non-O-type  segregations  (Table  2). 
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Since  SLC  03  CMS  is  in  the  seventh  generation  of  backcrossing  to 
the  highly  inbred  (S10)  SLC  03,  it  is  expected  that  the  genotypes  of 
the  two  lines  are  quite  homogeneous. 

Ten  reciprocal  sets  of  annual  SLC  03  CMS  and  SLC  03  with  various 
biennial  lines  are  shown  in  T&ble  3*  With  one  exception  there  were  no 
reciprocal  differences.  SLC  129,  SLC  128,  Ovana,  C515,  NB-1  and  EL  33 
all  gave  100$  male-sterile  progenies.  SLC  126,  SLC  35,  and  FC  503  pro¬ 
duced  fertile  segregates  in  reciprocal  crosses  to  the  annual  lines. 

CT  9  mm  was  an  exception.  When  used  as  a  pollinator,  a  high  degree  of 
fertile  offspring  was  obtained,  while  CT  9  mm  CMS  X  SLC  03  gave  100$ 
male-sterile  progeny.  The  line  CT  9  10111  CMS  was  rogued  heavily  prior  to 
pollination  by  the  SLC  03  parent  and  may  account  for  some  of  the  recipro 
cal  differences.  The  results  of  the  other  crosses  tend  to  indicate  that 
the  CMS  lines  have  similar  cytoplasm  but  carry  different  modifying  genes 
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Table  1. — Summary  of  crosses  of  annual  CMS  tester 
with  several  biennial  pollinators. 


Description 


Fertility 

l  Ml.  ■  !!■■■■  I  I  I  I  »  I 

MS*  #2 


number  plants) 

■3  y  f 


SLC 

03 

CMS 

X 

SLC  129 

64 

0 

0 

0 

0 

sue 

03 

CMS 

X 

SIC  128 

116 

0 

0 

0 

0 

SLC 

03 

CMS 

X 

SLC  132 

104 

0 

0 

0 

0 

SLC 

03 

cm 

X 

SLC  122-19 

132 

0 

0 

0 

0 

SLC 

03 

CMS 

X 

SLC  122 

22 

0 

0 

0 

0 

SLC 

03 

CMS 

X 

CT  5A 

51 

0 

0 

0 

0 

SLC 

03 

CMS 

X 

Ov.  1 

73 

1 

0 

0 

0 

SLC 

03 

CMS 

X 

Ov.  3 

38 

0 

0 

0 

0 

SLC 

03 

CMS 

X 

C515 

21  : 

0 

0 

0 

0 

SLC 

03 

CMS 

X 

NB-1 

36 

0 

0 

0 

0 

SLC 

03 

CMS 

X 

C672 

64 

0 

0 

0 

0 

SLC 

03 

CMS 

X 

EL  31 

83 

0 

0 

0 

0 

SLC 

03 

CMS 

X 

EL  32 

4o 

0 

0 

0 

0 

SLC 

03 

CMS 

X 

EL  33 

45 

0 

0 

0 

0 

SLC 

03 

CMS 

X 

CT  9A 

156 

11 

0 

0 

0 

SLC 

03 

CMS 

X 

SLC  126 

25 

11 

8 

0 

2 

SLC 

03 

CMS 

X 

Line  289 

69 

1 

1 

0 

0 

SLC 

03 

CMS 

X 

FC  503 

3 

2 

3 

0 

0 

SLC 

03 

CMS 

X 

SLC  35 

69 

5 

2 

3 

0 

SLC 

03 

CMS 

X 

SLC  127 

13 

4 

1 

2 

4 

SLC 

03 

CMS 

X 

3958  (Sh) 

59 

2 

2 

7 

9 

SLC 

03 

CMS 

X 

00.5 

65 

7 

4 

6 

24 

SLC 

03 

CMS 

X 

8333 

23 

9 

16 

8 

28 

SLC 

03 

CMS 

X 

00.2 

20 

3 

10 

29 

39 

SLC 

03 

CMS 

X 

CT  9B 

16 

4 

39 

47 

39 

SLC 

03 

CMS 

X 

CT  9  ram 

5 

10 

10 

l4 

3 

SLC 

03 

CMS 

X 

5.9 

26 

9 

ll 

21 

31 

*MS  =  White  anthers  -  no  stainable  pollen 

#2  ■  Very  light  yellow  anthers  -  none  or  a  trace  of  stainable 
pollen 

#3  s  Yellow  anthers  1-25$  -  non-dehi scent  stainable  pollen 
■  Yellow  anthers  30-65$  -  partially  dehiscent  stainable 
pollen 

F  *  Yellow  anthers  70-98$  -  dehiscent  stainable  pollen 
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Table  2. — Summary  of  crosses  of  several  biennial  CMS 
lines  and  SLC  0-type  annual  pollinator. 


Description 

Fertility 

(number  plants) 

MS* 

#2 

n 

F 

211H3  X  SLC  03 

70 

0 

0 

0 

0 

913^  (7121  X  128)  X  SLC  03  26 

0 

0 

9 

0 

SLC  129  X  SLC  03 

28 

0 

0 

) 

0 

SLC  128  X  SLC  03 

31 

0 

0 

J 

0 

CT  9  mm  X  SLC  03 

44 

0 

0 

0 

0 

S3317-l1+  X  SLC  03 

45 

0 

0 

0 

0 

308H01  X  SLC  03 

72 

0 

0 

0 

0 

C515  x  sic  03 

23 

0 

0 

0 

0 

C562  X  SLC  03 

13 

J 

0 

0 

0 

TIB-1  X  SLC  03 

57 

0 

0 

0 

0 

AI-10  X  SLC  03 

35 

0 

0 

0 

0 

EL  33  C-l  X  SLC  03 

10 

0 

0 

0 

0 

EL  33  C-2  X  SLC  03 

51 

0 

0 

0 

0 

2938  X  SLC  03 

31 

5 

0 

0 

0 

NB-5  X  SLC  03 

47 

2 

0 

0 

0 

AI-1  X  SLC  03 

47 

1 

0 

0 

0 

2935  X  SLC  03 

29 

6 

0 

0 

0 

SLC  126  X  SLC  03 

31 

11 

1 

0 

0 

2936  X  SLC  Oj 

42 

5 

6 

0 

0 

FC  503  X  SLC  03 

13 

12 

4 

0 

0 

2937  X  SLC  03 

38 

2 

2 

1 

0 

2934  X  SLC  03 

23 

5 

2 

1 

1 

SLC  35  CMS  X  SLC  03 

17 

8 

6 

3 

4 

F54-22H-14  X  SLC  03 

30 

10 

2 

1 

0 

*MS  -  White  anthers  -  no  stainable  pollen 
#2  »  Very  light  yellow  anthers  -  none  to  trace  of  stain- 
able  pollen 

#3  a  Yellow  anthers  1-25#  -  non-dehi scent  stainable  pollen 
#4  -  Yellow  anthers  30-65#  -  partial  dehiscent  stainable 
pollen 

F  =  Yellow  anthers  7O-98#  -  dehiscent  stainable  pollen 
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Ifcble  3* — Reciprocal  crosses  of  annual  SIC  03  and  SLC  03  CMS 
with  various  CMS  and  0-type  biennial  lines. 


Description 

Fertility  (: 

number 

plants) 

MS* 

fs 

n 

ft 

F 

SLC  129  CMS  X  SLC  03 

28 

0 

0  0 

0 

0 

SLC  03  CMS  X  SLC  129 

64 

0 

0 

0 

0 

SL8  128  CMS  X  SLC  03 

31 

0 

0 

0 

0 

SLC  03  IMS  X  SLC  128 

116 

0 

0 

0 

0 

308H01  X  SLC  03 

72 

0 

0 

0 

0 

SLC  03  CMS  X  Ovana  .1 

73 

1 

0 

0 

0 

SLC  03  CMS  X  Ovana  .3 

38-  . 

0 

0 

0 

0 

C-515  CMS  X  SLC  03 

23 

0 

0 

0 

0 

SLC  03  CMS  X  C-515 

21 

0 

0 

0 

0 

HB-1  CMS  X  SLC  03 

57 

0 

0 

0 

0 

SLC  03  CMS  X  NB-1 

36 

0 

0 

0 

0 

EL  33  C-l  CMS  X  SLC  03 

10 

0 

0 

0 

0 

IL  33  C-2  CMS  X  SLC  03 

51 

0 

0 

0 

0 

SLC  03  CMS  X  EL  33 

45 

0 

0 

0 

0 

PC  503  CMS  X  SLC  03 

13 

12 

4 

0 

0 

SLC  03  CMS  X  FC  503 

3 

2 

3 

0 

0 

SLC  126  CMS  X  SLC  03 

31 

11 

1 

0 

0 

SLC  03  CMS  X  SLC  126 

25 

11 

8 

0 

2 

SLC  35  CMS  X  SLC  03 

17 

8 

6 

3 

4 

SLC  03  CMS  X  SLC  35 

69 

5 

2 

3 

0 

CT  9  mm  CMS  X  SLC  03 

44 

0 

0 

0 

0 

SLC  03  CMS  X  CT  9  mm 

5 

10 

10 

l4 

3 

*MS  »  White  anthers  -  no  stainable  pollen 

#2  ■  Light  yellow  anthers  -  none  or  a  trace  of  stainable  pollen 
#3  ■  Yellow  anthers  1-  25 $  -  non-dehi scent  stainable  pollen 
#4  «  Yellow  anthers  30-65$  -  partial  dehiscent  stainable  pollen 
F  ■  Yellow  plump  anthers  70-98$  -  dehiscent  stainable  pollen 
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A  Study  of  the  Stability  of  Genetic  Male  Sterility  in  Segregating  Generations 

By  J.  C.  Theurer 


Inbred  sublines  of  SLC  128  and  other  O-type  pollinators  have 
frequently  shown  partial -fertile  as  well  as  male -sterile  plants  in  their 
offspring.  The  male -sterile  plants  were  expected  since  these  lines  are 
known  to  carry  the  Mendelian  gene  for  male  sterility.  The  occurrence  of 
partial  male  steriles,  however,  raises  the  question  whether  the  Mendelian 
gene  a^  segregates  as  clear-cut  for  fertile  and  male -sterile  offspring  as 
Owen  originally  proposed  (l,  2)  or  if  these  partial  oterij.es  are  due  to 
environment.  Semi -male  steriles  have  been  cited  in  the  past  as  a  dis¬ 
tinguishing  feature  of  the  cytoplasmic  type  of  sterility. 

Methods 


During  the  summer  of  1964  a  cross  was  made  between  a  Mendelian  male- 
sterile  plant,  SLC  129  aa,  and  the  O-type  annual  pollinator  SLC  03  which 
is  homozygous  AA.  The  F^  generation  was  observed  in  the  greenhouse 
December  17-21,  1964,  and  all  plants  were  fertile,  shedding  an  abundance 
of  pollen.  Microscopic  readings  were  made  on  15  plants.  Of  these,  12 
were  95$,  2  were  90$,  3  were  80 $  and  1  was  70$  fertile. 

Five  Fq  lines  were  planted  in  peat  cups  in  the  greenhouse  in  June 
of  1965.^  After  3  weeks  of  growth  they  were  transplanted  individually  to 
-inch  fibre  pots.  During  the  latter  part  of  August  and  the  early  part 
of  September  1965,  the  annual  plants  were  observed  for  fertility  both 
visually  and  microscopically.  The  biennial  segregates  were  placed  in 
the  cold  chamber  for  thermal  induction  in  September. 


Results 


The  results  to  date  are  given  in  Tables  1  and  2.  Plants 
microscopically  10$  to  60$  aceto-carmine  stainable  pollen  were 
partial  fertiles  and  70$  to  100$  as  fertiles. 


scoring 
classed  as 


Six  plants  were  classified  as  partial  fertiles.  One  might  arsue 
that  plants  with  50$  or  60$  stainable  pollen  could  be  classified  as 
feroiie.  However,  the  non-dehiscence  of  anthers  and  the  abundance  of 
randomly  scattered  male -sterile  flowers  are  in  favor  of  semi -fertility 
Certaxniy,  there  would  be  no  argument  for  the  plant  with  10$  stainable 


VJhen  fertiles  and  partial  fertiles  are  grouped  together,  they  give  a 
S°°  10  to  bhe  oriSmal  single  gene  hypothesis  (Table  2).  TVl°  r 

partial  fertile  plants  observed  would  in  no  way  justify  altering  the 
breeder's  approach  to  use  of  Mendelian  male  sterility. 
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The  biennial  segregates  of  the  original  cross  will  be  evaluated 
in  the  greenhouse  about  March  1 966. 
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TABLE  1. 


Frequency  distribution  (percent)  by  lower 
scopic  pollen  fertility  of  annual  progeny 
F2  lines 


class  levels  for  micro- 
of  SLC  129  aa  X  SLC  03 


Current  _ _ _ Class  Percentage _ _ 

Number  MS  10  20  30  40  30  60  70  ^0  90 


No. 

No. 

No. 

No. 

No^ 

No. 

No. 

No. 

No. 

No. 

B  5520-1 

5 

0 

0 

0 

0 

1 

0 

0 

1 

8 

B  5520-3 

4 

0 

0 

0 

0 

0 

0 

0 

0 

16 

B  5520-5 

5 

1 

0 

0 

0 

0 

1 

0 

1 

15 

B  5520-6 

4 

0 

0 

0 

0 

0 

2 

0 

1 

16 

B  5520-7 

8 

0 

0 

0 

0 

1 

0 

1 

3 

10 

TABLE  2.  Segregation  in  F2  generation  annual  plants  from  the  cross 
SLC  129  aa  X  SLC  03 


Current 

Number 

Number 

Number 

Observed 

E:  pected 

MS 

PF 

F 

MS 

PF 

F 

X2 

p 

No 

.  No. 

No. 

No. 

No. 

No. 

B  5520-1 

5 

1 

15 

5 

0 

14 

0 

1.00 

B  5520-3 

7 

0 

21 

7 

0 

21 

0 

1.00 

B  5520-5 

8 

2 

17 

7 

0 

21 

0.195 

0.60-0.70 

B  5520-6 

7 

2 

18 

7 

0 

21 

0 

1.00 

B  5520-7 

9 

1 

15 

6 

0 

19 

1.974 

0.10-0.20 

TOTAL 

36 

6 

83 

51.25 

95-75 

0.96 

0.30-0.40 
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STUDIES  TO  DETERMINE  THE  STABILITY  OF  MENDELIAN  MALE  STERILITY  FACTORS 

IN  SUGARBEET  LINES 

By  C.  H.  Smith 


The  study  to  determine  the  stability  of  the  male -sterile 
characters  in  sugarbeet  lines  was  continued  in  19^5 •  The  stainable 
pollen  technique,  using  aceto-carmine  as  the  staining  agent,  was  the  • 
preferred  method  for  the  determination.  Pollen  samples  were  gathered 
from  the  first  open  flowers  on  the  plant.  When  successive  readings 
were  made  on  the  same  plant,  pollen  aamples  were  oaken  irom  developing 
side  branches.  Plants  for  selfing  or  crossing  purposes  were  bagged  as 
the  first  flowers  opened. 

Stecklings  of  the  selfed  lines  were  induced  in  a  refrigerated 
storage  chamber  and  planted  in  the  greenhouse  for  study.  One  group 
was  represented  in  a  St.  G:orge,  Utah,  field  planting  to  study  the 
differences  in  pollen  production  and  fertility  between  plants  grown 
outdoors  and  in  the  greenhouse  (Table  l).  In  the  field  a  single  pollen 
sample  was  examined  from  each  plant.  In  the  greenhouse  studies,  pollen 
samples  were  gathered  from  plants  at  two  to  four  intervals  during  the 
flowering  period  to  study  the  range  of  variation  of  pollen  fertility. 
Pollen  readings  were  in  agreement  in  four  of  the  numbers  used  in  the 
two  plantings.  Two  numbers,  S4582-1-5  and  SU582-I-2I,  were  highly 
variable  in  the  field  planting,  whereas  the  plants  in  the  greenhouse 
produced  pollen  of  high  fertility.  Other  numbers  grown  in  the  green¬ 
house  produced  a  variation  in  pollen  fertility  readings  from  male- 
sterile  in  early  readings  to  high  fertility  in  later  readings.  Some 
plants  in  these  same  numbers  varied  from  high  to  low  fertility  readings, 
while  others  maintained  identical  readings  throughout  the  flowering 
period.  The  wide  range  of  difference  in  pollen  fertility  readings  in 
196b  was  thought  to  be  partially  due  to  cool  (6o°-70°  F)  greenhouse 
temperatures  maintained  during  the  growth  and  flowering  periods  of  the 
plants.  Temperatures  during  19&5  greenhouse  studies  were  maintained 
between  75°  and  850  F.  Production  of  pollen  at  the  warmer  temperatures 
was  improved  over  that  produced  in  cool  temperatures .  Improvement 
of  seed  set  was  not  noticeable  when  warm  temperatures  were  maintained 
during  seed  development.  Differences  in  pollen  fertility  were  noted 
on  flowers  on  the  same  branch  read  the  same  day,  which  indicate  that 
variability  not  only  exists  between  plants  but  also  between  flowers 
of  the  same  plant.  More  closely  controlled  environmental  and  physi¬ 
ological  studies  may  reveal  some  of  the  baffling  answers . 

Stecklings  from  five  lines  received  from  the  Utah  Idaho  Sugar 
Company  and  reported  to  be  aa  hybrids  which  gave  unexpected  fertility 
ratios  were  planted  in  the  greenhouse.  A  wide  range  of  pollen 
fertility  was  observed  in  this  material  (Table  2).  At  least  two 
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readings  were  made  per  plant  -  one  from  the  earliest  flowers  to 
open  and  a  second  reading  from  flowers  on  later  maturing  branches  of 
the  plant.  Although  the  lines  tested  may  not  have  been  from  the  same 
seed  lots  as  those  tested  by  the  Utah  Idaho  Sugar  Company,  they  were 
very  closely  related  material  and  similar  ratios  of  male  sterility 
to  fertility  could  be  expected.  The  ratio  of  male  sterility  to 
fertility  in  the  generation  should  be  either  1:1  or  all  fertile. 

In  the  Utah  Idaho  Sugar  Company  test  three  crosses  (L10  aa  X  SP  571-0; 

110  aa  X  CT  9,  and  110  aa  X  112)  produced  more  male  steriles  than 
could  be  explained  on  the  basis  of  chance  alone.  In  our  tests  these 
three  crosses  produced  a  greater  percentage  of  partial  fertility  and 
a  medium  percentage  of  ma^e  sterility  in  the  first  reading.  >In  the 
second  reading  the  shift  seemtd  to  be  to  an  increase  of  feftiles  and 
corresponding  decrease  of  male  steriles.  In  the  sugar  company  tests, 
the  tv/o  crosses,  CT  5  X  CT  4  and  CT  5  X  CT  9,  produced  more  fertile 
plants  than  could  be  expected  by  chance  alone,  having  no  plants  in 
the  partial  male-sterile  group  and  very  few  male  steriles.  In  the 
Logan  tests  the  tendancy  of  these  two  crosses  were  very  much  the  same 
with  a  slight  shift  from  the  male -sterile  to  the  fertile  group  in  the 
second  pollen  reading. 

Anther  dehiscence  was  observed  to  be  an  important  factor  in  some 
progeny, which  made  it  extremely  difficult, to  obtain  pollen  for  readings. 
In  some  ihstances  only  small  amounts  of  pollen  were  obtained,  and  of  the 
grains  present,  most  were  stainable  and  of  normal  size.  Anther 
dehiscence  was  variable  among  plants  of  the  same  progeny  and  may  or 
may  not  change  on  the  same  plant  during  the  flowering  period. 
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TABLE  1.  Comparative  pollen  fertility  readings  of  greenhouse  and 

field-grown  plants 


Current 

Number 

Old 

Number 

Logan  greenhous 
Reading 

Number  MS 

e  planting 

PF  F 

St. 

MS 

George  field 
planting 

PF  F 

SU582-I-5 

S3582-1 

1 

] 

0 

8 

7 

22 

14 

2 

1 

0 

8 

S4582-1-9 

do 

1 

0 

0 

4 

0 

4 

4 

2 

0 

0 

4 

S4582-1-16 

do 

1 

2 

1 

15 

3 

3 

16 

2 

1 

1 

16 

S4582-1-20 

do 

1 

1 

0 

25 

1 

2 

24 

2 

0 

1 

25 

S4582-1-21 

do 

1 

0 

0 

6 

21 

22 

45 

2 

0 

0 

6 

S4582-4  5 

S3582-4 

1 

0 

18 

21 

0 

5 

2 

0 

18 

21 

TABLE  2.  Fertility  readings  on  male -sterile  numbers  from  Utah  Idaho 

Sugar  Company 


Stainable  pollen  reading  in  percent 


Current 

Number 

Old 

Number 

First 

Reading 

Se 

aond  Reading 

MS 

PF 

F 

MS 

PF 

F 

A  3940 

110  aa  X  SP571-0 

31.3 

62.5 

6.2 

3.4 

48.3 

48.3 

A  3941 

110  aa  X  CT  9 

24.5 

67.9 

7.6 

17.1 

53.6 

29.3 

A  3942 

110  aa  X  112 

24.7 

26.0 

49.3 

5-0 

26.7 

68.3 

A  3943 

CT  5  aa  X  CT  4 

6.6 

9.9 

83.5 

2.1 

6.4 

91.5 

A  3944 

CT  5  aa  X  CT  9 

2.4 

7.1 

90.5 

0.0 

10.9 

89.1 
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Variety  Test,  Logan,  Utah,  1965 
by  G.  K.  Ryser 

Tests  1  and  5 

Tests  X  and  5  consisted  of  145  single-cross  hybrids  representing  16 
CMS  females  and  25  pollinators  from  a  wide  base  representing  most  sugarbeet 
growing  areas  in  the  U.3.  Insufficient  seed  for  planting  nine  replications 
of  every  single  cross  necessitated  dividing  the  hybrids  into  two  tests: 

Test  1,  a  balanced  lattice  with  64  crosses  and  nine  replications,  and  Test  5, 
a  partially  balanced  lattice  with  three  replications  and  8l  crosses.  The 
means  reported  in  Tables  1  and  5  are  the  adjusted  means. 

Variety  41250,  the  combination  with  S3317  CMS  and  Ov.  3  pollinator 
(from  SL  630  hybrid  Sp  sister  lines)  produced  the  highest  gross  sugar  in 
the  test  with  28. 5 1  tons  beets  per  acre,  16.31  percent  sucrose  and  an  average 
impurity  index  of  425  (Table  l).  This  hybrid  was  not  significantly  different 
in  gross  sugar  yield  from  4l448  (CT  9  ®  X  3611  (ud)).  Hybrids  involving  the 
latter  pollinator  (2a  Udycz,  a  selection  received  from  Poland  in  1959)  also 
produced  an  excellent  percentage  of  sucrose  with  above  average  tons  per  acre 
in  1964.  None  of  the  other  varieties  of  the  first  10  of  Test  1  are  signifi¬ 
cantly  different  than  the  check  variety  1114  in  gross  sugar  or  sucrose.  The 
high  producing  qualities  of  Ov.  3>  Ov.  1,  and  3611  (ud)  also  hold  for  Test  5* 
Varieties  4l24l  (SLC  128  X  Ov.  3)  ranked  first,  4l445  (SLC  129  X  36II  (ud)) 
ranked  second,  4l446  (SLC  128  X  36II  ud)  ranked  fourth,  and  41390  (NB-1  X 
Ov.l)  ranked  fifth  in  gross  sugar  (Table  5)*  The  data  indicate  that  SLC 
lines  are  quite  closely  related  and  show  better  yields  when  they  are  out- 
crossed  to  inbreds  of  diverse  genotype. 

The  specific  and  apparent  general  combining  ability  for  three  CMS 
females  and  nine  pollinators  in  Test  1  are  shown  in  Table  1A  for  percent 
sucrose  and  tons  beets  per  acre  and  Table  IB  for  pounds  gross  sugar  per  acre 
and  impurity  index.  An  LSD  5 -percent  point  for  gross  sugar  was  estimated  to 
be  519  pounds  with  a  significant  F  value  between  pollinators.  For  sucrose 
percent  the  estimated  LSD  5-percent  point  was  O.67  with  a  significant  F  value 
for  females  only.  The  estimated  LSD  5-percent  point  for  tons  per  acre  was 
2.07  and  for  impurity  index  62  with  significant  F  values  for  both  females  and 
males.  There  were  no  significant  differences  for  specific  combining  ability. 

Tables  1C  and  ID  give  an  indication  of  the  specific  and  apparent  general 
combining  ability  with  7  CMS  females  and  11  pollinators  of  tests  1  and  5  for 
percent  sucrose,  tons  beets  per  acre,  gross  sugar,  and  impurity  index. 

The  general  combining  ability  of  the  pollinators  36II  (ud)  and  Ov.  3 
are  evident  as  to  sucrose  and  tons  per  acre.  The  combining  of  treatments  of 
two  tests  with  different  numbers  of  replications  and  different  treatments 
are  not  necessarily  valid  but  can  be  used  for  an  indication. 

Curly  top  resistance  for  entries  in  Tests  1,  2,  and  3,  is  given  by 
A.  M.  Murphy,  page  102. 
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VARIETY  TEST,  LOGAN,  UTAH,  19^5 
by  G.  K.  Ryser 

SOIL  TYPE:  Silty  clay  loam 

PREVIOUS  CROPS:  Alfalfa  7  years;  1961,  safflower;  1962,  beets;  1963, 
grain ;  1964 ,  saf f lower . 

FERTILIZERS :  400#  of  emmoniatsd  phosphate  (20-40)  per  acre  broadcast 

and  harrowed  in  the  spring  oefore  planting ^ 

PLANTED:  May  3-4,  1965. 

THINNED:  June  4-5,  1965* 

IRRIGATIONS:  Before  thinning,  sprinkled  as  needed.  Weekly  sprink¬ 
lings  after  thinning  beginning  June  7,  1965* 

CURLY  TOP:  Symptoms  were  noted  in  susceptible  varieties  only. 

HARVESTED:  Oct.  11-15,  1965.  Tops  were  removed  with  a  roto-beater 

and  scalped  with  a  tractor-mounted  scalping  tool  supplemented 
by  long-handled  hoe  trimming,  to  assure  a  complete  topping  job. 
A  ten-beet  sample  from  each  row  of  each  plot  was  obtained  for 
sugar  analysis.  All  beets  were  counted  and  weighed  to  deter¬ 
mine  beet  stand  and  acre  yield,  respectively. 

EXPERIMENTAL  DESIGN:  Plots  of  all  tests  were  two  rows  wide,  22  inches 
apart,  with  a  harvested  plot  length  of  forty  feet. 

Test  1  -  An  8X8  balanced  lattice  with  9  replications  consisting 

of  64  experimental  CMS  hybrids.  Parent  lines  were  from  USDA,  U.  S. 

sugar  companies,  and  local  sources.  The  pollinators  are  represented  in 

Test  3» 


Test  2  -  A  randomized  block  with  6  replications  made  up  of  l6 
of  the  highest  yielding  hybrids  of  the  1964  test. 

Test  3  -  A  5X5  balanced  lattice  square  with  three  replications. 
The  25  inbred  varieties  were  pollinators  used  in  experimental  hybrids 
of  Test  1  and  Test  5* 

Test  4  -  A  six-replicate  randomized  block  experiment  consisting 
of  7  sugar  selections  from  OI98  (SLC  125  X  Group  A  nematode  selections.) 
Two  entries  were  seed  increases  of  beets  selected  individually  for  high 
sugar,  while  five  were  seed  increases  of  low-sugar  selections. 

Test  5  -  A  9X9  triple  lattice  with  3  replications.  The  8l  ex¬ 
perimental  hybrids  are  from  the  same  lines  as  in  Test  1  but  include 
hybrids  with  insufficient  seed  for  inclusion  in  the  9  replication  test. 


150 


Test  2 


Six  of  the  hybrids  that  were  among  the  first  ten  in  gross  sugar  yield 
in  1964,  together  with  two  varieties  (31943  and  319&0)  having  3611  (ud)  as 
pollinator  and  the  two  check  varieties  Hl4  and  1101,  were  replanted  in 
Test  2  in  1965*  Test  2  also  included  six  varieties  (31940-1,  31945-1, 
31968-9,  31939-9,  31976-7  and  31976-1)  representing  each  female  that  was 
highest  in  gross  sugar  yield  in  its  respective  female  group  of  Test  2  in 
1964  (Table  1,  1964). 

Hybrid  311004-9,  which  carries  Janasz  cytoplasm  crossed  with  Sg  pollin¬ 
ator  lines  from  the  SL  630  Ovana  hybrid,  had  the  top  gross  sugar,  signifi¬ 
cantly  topping  all  hybrids  in  1965  except  hybrid  31980*  This  line  was  also 
best  in  gross  sugar  yield,  tons  per  acre,  and  sucrose  percent  (Table  2). 

Table  2A  shows  the  combined  data  for  the  two  years.  The  difference 
between  years  is  highly  significant  in  gross  sugar,  tons  per  acre,  and  im¬ 
purity  index  for  varieties  in  Test  1,  1964,  compared  to  the  same  varieties  in 
Test  2,  1985*  This  comparison  also  gave  significant  interactions  (varieties 
X  years)  in  gross  sugar  and  tons  beets  per  acre,  but  not  in  percent  sucrose 
and  impurity  index.  When  comparing  varieties  in  Test  2  of  1964  with  Test  2, 
1965 ,  the  only  significance  was  between  varieties. 


Test  3 

Test  3  is  made  up  of  the  pollinators  used  in  single-cross  hybrids  of 
Test  1  and  Test  5  representing  a  wide  base  of  inbred  material.  Highest  yield¬ 
ing  lines  38II  (ud),  CT  5B  and  00. 5  are  not  significantly  different  in  gross 
sugar  from  other  lines  until  compared  with  line  Ov.  1  (ranked  9)*  They  are 
significantly  different,  however,  when  ranked  as  to  tons  per  acre,  sucrose 
percent,  and  impurity  index.  The  high  tons  per  acre  of  line  00. 5,  which  is  a 
nematode  selection  from  American  Crystal  material,  could  be  due  to  the  single 
generation  of  inbreeding. 

The  outstanding  sucrose  percent  (18.67)  and  comparative  high  tons  per  acre 
(20.6l)  of  3611  (ud)  shows  the  possibilities  of  this  number  as  pollinator  when 
compared  with  their  hybrids  in  Tests  1  and  5  (Tables  1  and  5)* 

The  stands  in  Test  3  may  have  affected  the  performance  of  some  lines 
since  they  had  very  poor  emergence  under  excellent  spring  conditions. 

The  first  nine  hybrids  of  Test  1,  ranked  by  gross  sugar,  were  repre¬ 
sented  by  pollinators  of  Test  3  in  the  following  order:  Ov.  3,  3611  (ud), 

Ov.  3,  CT  9A,  Ov.  3,  Ov.  3,  Ov.  1,  EL  32,  and  EL  32.  Three  of  these  inbreds 
(36II  (ud),  CT  9A  and  Ov.  l)  are  among  the  first  ten  lines  of  Test  3*  Ovana 
3  is  ranked  19th  in  Test  3  while  EL  32  ranked  l4th.  These  two  numbers  showed 
more  general  combining  ability,  being  represented  so  may  times  among  the  high- 
producing  single-cross  hybrids. 
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Test  4 

hybrid  0198  has,  as  the  CMS  female  parent,  SLC  129  and,  as  polli¬ 
nator,  a  group  of  selected  nematode  numbers  derived  from  material  sent  to 
us  in  1956  by  the  American  Crystal  Sugar  Company. 

A  high-sugar  selection  of  0198,  made  in  1963,  was  grown  in  isolation 
in  I96I4.  on  the  South  Farm  of  Utah  State  University, Logan,  Utah,  and  con¬ 
sisted  of  6  individual  beets  (4  fertile  and  2  male  sterile).  The  indi¬ 
vidual  plants  in  the  isolation  were  analyzed  as  follows: 


Beet  No.  Weight  Sucrose _ N  Na  K  Impurity  index 


4o4  F 

1080 

15.8 

153 

71 

1257 

311 

323  F 

920 

16.0 

182 

no 

935 

284 

335  F 

780 

16.3 

134 

68 

1331 

201 

310  MS 

1080 

15. 7 

48 

78 

1144 

231 

294  MS 

1000 

15.1 

115 

105 

1229 

304 

346  F 

1100 

15.5 

105 

154 

1331 

317 

The  seed  from  each  plant  was  harvested  separately.  The  two  high- sugar 
numbers  planted  in  Test  4  consisted  of  4702,  a  fertile  plant  4o4,  and  4713S, 
a  sib  from  male-sterile  plant  294  (Table  4). 

A  low- sugar  group  was  grown  in  another  isolation  in  Northern  Cache  Valley. 
Of  the  5  beets  that  survived  transplanting,  only  one,  342,  was  classified  as 
partially  fertile.  All  the  rest  were  male  sterile.  These  selections  gave 
individual  beet  analyses  as  follows : 


Beet  No. 

Weight 

Sucrose 

N 

Na 

K 

Impurity  index 

313  MS 

930 

l4.4 

29 

26 

1172 

245 

326  MS 

ll60 

12.3 

86 

116 

1257 

451 

342  PF 

1980 

l4.0 

259 

205 

1912 

578 

3  366'  MS 

910 

13.4 

115 

i4o 

1566 

415 

383  MS 

1100 

13.0 

125 

114 

1566 

428 

Seed  increases  from  all  five  low- 

■sugar 

beets 

was  planted  in  Test  4. 

Variety  4702,  a  high-sugar  selection,  was  significantly  better  than  any 
other  selection  in  gross  sugar,  tons  per  acre,  sucrose,  and  impurity  index 
(Table  4).  Variety  4711S  from  beet  326,  a  low-sugar  selection,  unexpectedly 
placed  next,  but  was  not  significantly  greater  than  variety  4713s  from  beet 
294,  the  other  high-sugar  selection.  Variety  4713s  is  significantly  higher 
than  4709S  and  4710S,  the  two  lowest  yielders  in  the  test.  Beet  326,  having 
low  Na,  amino  N,  and  comparatively  low  impurity  index,  combined  with  the  com- 
paratively  high  values  of  the  pollinator  beet  342  giving  the  high  vield  and 
high  sucrose  of  variety  4711S. 

The  long  petioles  and  luxuriant  top  growth  of  the  two  high- sugar  selec¬ 
tions,  when  compared  with  the  top  growth  of  the  low-sugar  selections  was 
apparent  throughout  the  growing  season.  , 


Table  1. — Variety  test  1,  North  Farm,  Logan,  Utah,  1965 
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Variety  Test  1,  Table  1  continued 
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Table  1A. —Specific  and  apparent  general  combining  ability  for 
percent  sucrose  and  tons  per  acre  for  9  pollinators 
and  3  CMS  lines  in  Test  1,  19^5* 


Pollinator 

SIC  129  CMS 

AI-1  CMS 

308H01  CMS 

Mean 

Rank 

Sucrose 

C672 

16.33 

15.92 

14.48 

15.58 

4 

SLC  128 

15.88 

15- *>7 

14.28 

15.21 

7 

SLC  35 

15.81 

15.85 

13.91 

15.19 

8 

EL  32 

16.01 

15.95 

13.79 

15.25 

6 

00.5 

15.26 

16. .44 

13.37 

15.02 

9 

EL  31 

16.51 

15.8li/ 

14.69 

15.68 

2 

Ov.  3 

16.15 

16.43 

15.23V 

15.9^ 

1 

CT  5A 

16.37 

16.02  . 

1^.39 

15.59 

3 

Ov.  1 

15.90 

15.651/ 

14.67 

15.41 

5 

Mean 

16.02 

15.95 

14.31 

Rank 

1 

2 

3 

TonB  per 

Acre 

C672 

23-36 

23.47 

28.75 

25.19 

7 

SLC  128 

22.30 

23.98 

28.41 

24.89 

8 

SLC  35 

24.13 

22.29 

26.81 

24.41 

9 

EL  32 

26.20 

25.99 

31.22 

27.80 

1 

00.5 

25.84 

27-42 

28.30 

27.18 

3 

EL  31 

24.91 

25.391/ 

27.22 

25.84 

5 

Ov.  3 

26.94 

25.55 

27.28V 

26.59 

4 

CT  5A 

25.15 

24.22 

27.64 

25.68 

5 

Ov.  1 

27.36 

26.2ll/ 

28.05 

27.20 

2 

Mean 

25.13 

24.94 

28.18 

Rank 

2 

3 

1 

VEstimated 


by 


average  of  the  females  and  males 


for  the  cell. 
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Table  IB. — Specific  and  apparent  general  combining  ability  for 
gross  sugar  and  impurity  index  for  9  pollinators  and 
3  CMS  lines  in  Test  1,  1965. 


Pollinator 

SLC  129  CMS 

AI-1  CMS 

308H01  CMS 

Mean 

Rank 

Gross 

Sugar 

C672 

7643 

7467 

8310 

7806 

7 

SLC  128 

7072 

7406 

8101 

7526 

8 

SLC  35 

6640 

7069 

7455 

7387 

9 

• 

EL  32 

8391 

8fi54 

8594  # 

8412 

3 

00.5 

7685  . 

0  8013 

7548 

7815 

6 

EL  31 

8217 

79351/ 

7992 

8048 

4 

Ov.  3 

8718 

8392 

82841/ 

8465 

1 

CT  5A 

8245 

7753  , 

7901 

7966 

5 

Ov.  1 

8710 

8112 1/ 

8205 

8342 

2 

Mean 

8058 

7822 

8043 

Rank 

1 

3 

2 

Impurity  Index 

C672 

405 

421 

625 

484 

8 

SLC  128 

31*9 

363 

517 

4 10 

3 

SLC  35 

376 

335 

621 

444 

4 

EL  32 

4oo 

391 

585 

46o 

6 

00.5 

493 

557 

779 

610 

9 

EL  31 

342 

428 

577 

449 

5 

Ov.  3 

399 

410 

502 

437 

2 

CT  5A 

335 

329  . 

510 

391 

1 

Ov.  1 

353 

4341/ 

57  8 

455 

7 

Mean 

384 

4o8 

588 

Rank 

1 

2 

3 

by  average  of  the  females  and  males  for  the  cell. 


157 


Table  1C.— Specific  and  apparent  general  combining  ability  for  percent 
sucrose  and  tons  per  acre  for  11  pollinators  and  7  CMS  lines 
in  Tests  1  and  5,  1965* 


SLC  129 

AI-1 

308H01 

NB-1 

S3  3 17 

SLC  128 

CT  9mm 

Pollinator 

CMS 

CMS 

CMS 

CMS 

CMS 

CMS 

CMS 

Mean 

Rank 

Percent  Sucrose 

C672 

16.33 

15.92 

14.48 

15.60* 

15.70* 

15.98* 

15.67 

6 

SLC  128 

15.88 

15.47 

14.28 

15.72 

15.26 

14.75* 

15-98 

15.33 

10 

EL  32 

16.01 

15.95 

13.79 

15.47* 

15.96 

— 

15.00* 

15.36 

9 

00.5 

15.26 

16.44 

13.37 

15-78 

15.16 

15-46 

15.37 

15.26 

11 

EL  31 

16.51 

15.52* 

14.69 

15.53* 

15-70* 

16.61 

16.28 

15.83 

3 

Ov.  3 

16.15 

16.43 

16.09 

16.31 

15.26* 

15.92 

16.03 

2 

CT  5B 

16.37 

16.02 

14-39 

15.62* 

16.20 

15.85* 

15.56* 

15.72 

5 

Ov.  1 

15.90 

— 

14.67 

15.55* 

15.55* 

15.96 

15.62* 

15.54 

7,8 

3611  (ud) 

17.00* 

16.83* 

15.97 

— 

17.05* 

17.30* 

17.88 

17.00 

1 

CT  9B 

15.63* 

15.26 

... 

16.02 

15.15* 

15.05* 

16.13* 

15.5^ 

7,8 

FC  503 

15.88* 

15.85* 

15.17* 

15.98* 

15.78* 

15.83* 

15.75 

4 

Mean 

16.08 

15.97 

14.46 

15.66 

15.81 

15.77 

15.96 

15.72 

Rank 

1 

2 

7 

6 

5 

4 

3 

Tons  per 

Acre 

C672 

23.36 

23.47 

28.75 

26.13* 

25.20* 

23.67* 

25.10 

6 

SLC  128 

22.30 

23.98 

28. 4l 

25.87 

19.76 

21.77* 

22.04 

23.45 

10 

EL  32 

26.20 

25.99 

31.22 

27.67* 

27.04 

— 

27.23* 

27.56 

1 

00.5 

25.80 

27-42 

28.30 

25.15 

26.08 

26.43 

27.17 

26.63 

3, ^ 

EL  31 

24.91 

25.40 

27.22 

24.77* 

25.13* 

24.73 

24.74 

25.27 

5 

Ov.  3 

26.94 

25-55 

— - 

27.59 

28.51 

25.84* 

27.46 

26.98 

2 

CT  5B 

25.15 

24.22 

27.64 

22.97* 

24.26 

22.57* 

26.07* 

24.70 

8 

Ov.  1 

27.36 

— 

28.05 

27.67* 

24.83* 

25.88 

25.97* 

26.63 

3,4 

3611  (ud) 

26.70* 

24.33* 

25.33 

— 

24.43* 

22.07* 

25.45 

24.72 

7 

CT  9B 

22.67* 

23.53 

— 

25.53 

24.10* 

21.77* 

25.57* 

23.86 

9 

FC  503 

21.03* 

21.63* 

26.13* 

20.30* 

22.03* 

22.67* 

22.30 

11 

Mean 

24.77 

24.55 

28.12 

25.93 

24.59 

23.83 

25.27 

25.19 

Rank 

4 

6 

1 

2 

5 

7 

3 

♦Lines  in  test  5  (unadjusted  mean) 
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Table  ID. — Specific  and  apparent  general  combining  ability  for  gross  sugar 
and  impurity  index  for  11  pollinators  and  7  male- sterile  lines 
in  Tests  1  and  5,  1965* 


SLC  129 

AI-1 

30SHOI 

NB-1 

S3317 

SLC  128 

CT  9mm 

Pollinator 

CMS 

CMS 

CMS 

CMS 

CMS 

CMS 

CMS 

Mean 

Rank 

Gross 

Sugar 

C6  72 

7643 

7467 

8310 

...... 

8147* 

7910* 

7590* 

7844 

7 

SLC  128 

7072 

7406 

8101 

8110 

6045 

6422* 

7037 

7170 

10 

EL  32 

8391 

8254 

8594 

8551* 

8615 

— 

8180* 

8431 

3 

00.5 

7885 

8013 

7548 

7935 

7905 

8156 

8364 

7972 

6 

EL  31 

8217 

7882* 

7992 

7685* 

7901* 

8214 

8034 

7989 

5 

0v.  3 

8718 

8392 

— 

886 9 

9295 

8940* 

8733 

8770 

1 

CT  5B 

8245 

7753 

7901 

7165* 

7871 

7153 

8099* 

7741 

8 

Ov.  1 

8710 

— 

8205 

8610* 

7714* 

8240 

8107* 

8226 

4 

3611  (ud) 

9077* 

8208* 

8087 

— 

8221* 

8718* 

9096 

8538 

2 

CT  9B 

7100* 

7172 

...... 

8178 

7302* 

6558* 

7282* 

7325 

9 

FC  503 

6680* 

6854* 

—  —  — 

7930* 

6493* 

6955* 

7176* 

7089 

11 

Mean 

7975 

7740 

8092 

8ll4 

7783 

7727 

7972 

7907 

Rank 

3 

6 

2 

1 

5 

7 

4 

Impurity  Index 

C672 

405 

421 

625 

487* 

435* 

421* 

466 

9 

SLC  128 

349 

363 

517 

379 

353 

390* 

373 

389 

2,3 

EL  32 

4oo 

391 

585 

508* 

421 

— 

534* 

473 

10 

00.5 

493 

557 

779 

493 

480 

445 

477 

532 

11 

EL  31 

342 

547* 

577 

486* 

579* 

363 

384 

464 

8 

Ov.  3 

399 

4l0 

420 

425 

419* 

428 

427 

7 

CT  5B 

335 

329 

510 

389* 

326 

338* 

363* 

370 

1 

Ov.  1 

353 

— 

578 

409* 

417* 

384 

366* 

4 18 

6 

3611  (ud) 

442* 

438* 

494 

— 

417* 

329* 

373 

4l6 

5 

CT  9B 

350* 

396 

...... 

375 

476* 

366* 

373* 

389 

2,3 

FC  503 

352* 

4oi* 

-  —  — 

526* 

334* 

356* 

368* 

390 

4 

Mean 

384 

425 

583 

443 

426 

383 

405 

432 

Rank 

2 

4 

7 

6 

5 

1 

3 

*Lines  in  test  5  (unadjusted  mean) 


Table  2. — Variety  test  2,  North  Farm,  Logan,  Utah,  1965 
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T&ble  3.— Variety  Test  3,  North  Farm,  tagan,  Utah,  19^5 
25  varieties,  3  replications 

Analyzed  as  partially  balanced  lattice.  Adjusted  means. 


ACRE  YIELD  Irapur-  PPM 


Code 

Var. 

Description 

Rank 

Gross 

Tons 

Percent 

ity 

Amino 

Beet 

No. 

Sugar 

Beets 

Sugar 

index 

N 

Na 

K 

gount 

25 

4630 

3611  (ud) 

1 

7528 

20.61 

18.67 

311 

178 

96 

l4o4 

79 

19 

4624 

CT  5B 
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7518 

24.19 

15.66 

344 

156 

100 

1390 

82 

24 

4629 

00.5 

3 

7240 

25.82 

14.02 

686 

251 

221 

2511 

8l 

16 

4621 

m'm* 

4 

6618 

23.16 

14.36 

659 

214 

262 

2523 

74 

10 

4611 

00.2 

5 

6612 

21.73 

15.39 

475 

225 

118 

1818 

70 

l4 

4617 

CT  9A 

6 

646o 

19.44 

16.44 

3^3 

202 

109 

1300 

66 

20 

4625 

NB-1 

7 

6451 

21.69 

14.62 

521 

232 

129 

1967 

74 

12 

4613 

SLC  35 

8 

6239 

21.24 

14.57 

426 

145 

126 

1736 

79 

21 

4626 

Ov.  1 

9 

5367 

17.42 

15.60 

420 

251 

no 

1425 

64 

6 

4606 

SLC  128 

10 

5294 

17.73 

14.92 

376 

161 

84 

1^97 

75 

3 

4602 

SLC  129 

11 

5223 

17.79 

l4.8o 

424 

174 

102 

1666 

76 

7 

4607 

Line  289 

12 

5201 

15.93 

16.73 

519 

472 

89 

1391* 

62 

23 

4628 

SLC  122 

13 

5020 

17.62 

14.49 

375 

168 

108 

1331* 

68 

22 

4627 

EL  32 

14 

4870 

17.19 

13.96 

594 

178 

387 

2097 

68 

15 

46l8 

SLC  133 

15 

4850 

18.51 

12.83 

794 

359 

258 

2316 

35 

9 

4610 

CT  5A 

16 

4837 

17.49 

l4.i6 

428 

195 

157 

1372 

61 

11 

4612 

EL  33 

17 

4649 

15.93 

14.63 

448 

206 

164 

1541 

68 

17 

4622 

(CT5  X  CT9)0 

18 

4596 

15.40 

14.68 

337 

148 

83 

1269 

72 

13 

4615 

ov.  3 

19 

4385 

13.24 

15.75 

502 

358 

174 

1546 

64 

8 

4609 

CT9 

20 

4l84 

13.46 

15.53 

376 

154 

67 

1618 

59 

5 

46o4 

FC  503 

21 

3763 

13.30 

14.23 

385 

142 

78 

1507 

65 

1 

4600 

C672 

22 

3528 

10.40 

16.63 

342 

168 

46 

1562 

73 

2 

4601 

C507 

23 

3138 

11.19 

14.38 

46l 

173 

134 

1759 

53 

4 

4603 

EL  31 

24 

3040 

9.36 

15.53 

330 

184 

128 

1215 

50 

18 

4623 

C515 

25 

2595 

9.09 

14.52 

434 

190 

102 

1570 

37 

General  mean  of  all  varieties  5169 

17.16 

15.09 

**53 

212 

138 

1654 

67 

S.  E 

.  of  mean  (average) 

449 

1.35 

o.4o 

50 

38 

19 

131 

6.75 

Significant  difference 

1282 

3.86 

l.l4 

143 

109 

54 

346 

19 

#  coefficient  of  variation 

10.64  9.65 

3.24 

13.5 

22. 

14  17. 

1  9.25  12.41. 

Calc 

.  F  values  (as  rand. 

,  blks 

.)  16. 3615. 19 

16.56 

10.16 

6.64  25.68  11.07  6.00 

Significant  F  5^  8  1.82  1#  -  2.35 
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EVALUATION  OF  "QUALITY"  IN  SUGARBEETS 
Ify  Jtyron  Stout 


Various  techniques  have  been  used  to  ascertain  the  quality  of 
sugarbeets  during  development  of  the  Industry.  For  a  long  time  "apparent 
purity"  or  "true  purity"  was  considered  to  be  the  best  means  of  indicating 
the  percentage  of  total  sugar  in  the  beet  that  could  economically  be 
extracted  and  recovered  as  granulated  sugar.  Pi  ocessors,  in  general,  have 
been  more  cognizant  and  alarmed  at  the  progressive  decline  in  recoverable 
sugar  or  "extraction"  than  breeders  or  agriculturists.  However,  the 
whole  industry  is  well  aware  of  this  downward  trend  and  are  working 
together  to  define  its  causes  and  improve  extraction.  Processors 
have  used  thin-juice  purity  as  the  best  indication  of  recoverable  sugar 
because,  beyond  this  step  in  processing,  the  impurities  present  cannot 
be  removed  by  economic,  conventional  methods. 

Several  laboratory  methods  have: been  developed  to  simulate  and 
evaluate  thin-juice  purity  of  beets  in  breeding,  selection  and  agronomic 
studies  to  improve  quality.  Most  of  these  methods  are  rather  time 
consuming  and  require  a  considerable  amount  of  sample  material. 

Carruthers  et  al.  (l)  have  shown  that  the  sum  of  the  sodium  and 
potassium  salts  added  to  the  amino  acids  and  betaine  in  the  beets  con¬ 
stitute  89 °}o  of  the  refractometric  non-sugars  in  second  carbonation  or 
thin-juice.  Carruthers  has  stated  that  since  betaine  does  not  present 
any  chemical  problems  in  processing,  it  is  probable  that  summation  of 
potassium  sodium  and  amino  nitrogen  per  100  sugar  represents  the 
ultimate  practical  target  in  the  tarehouse  assessment  of  beet  quality. 

In  order  to  convert  these  values  to  probable  molecular  weights,  he  uses 
a  factor  of  10  for  amino  nitrogen,  2  l/2  for  potassium  and  3  l/2  for 
sodium. 


Ellerton  (2)  and  Haddock  (3)  have  found  that  the  determination  of 
amino  nitrogen  by  the  Stanek-Pavlas  method  gives  values  that  closely 
agree  with  those  determined  by  the  method  of  Moore  and  Stein,  preferred 
by  Carruthers .  Haddock  used  the  Stanek-Pavlas  reagent  as  modified  by 
Stout  (4)  in  195^ •  This  modification  was  made  to  increase  sensitivity 
of  the  method  at  high  concentrations  of  amino  nitrogen  frequently 
encountered.  Although  breeding  selections  and  most  agronomic  samples 
have  routinely  been  analyzed  at  our  laboratory  for  these  three  impurity 
constituents  since  1952,  no  attempt  to  add  their  combined  effects  on 
quality  was  made  until  the  impurity  index  idea  was  suggested  by 
Carruthers.  Use  of  such  an  index  value  is  considered  to  be  an  important 
step  forward  in  evaluating  beets  of  superior  processing  quality  regard¬ 
less  of  the  cause  of  the  variation.  If  environmental  and  nutritional 
differences  are  held  to  a  minimum,  the  probability  of  selection  for 
genetic  quality  factors  within  a  genetically  variable  population  is 
enhanced.  If  these  factors  are  ignored,  the  probability  is  very  strong 

that  the  quality  factors  will  be  due  to  environment. . 


One  large  test  reported  by  Carruthers  indicated  a  nine -fold  variation 
in  purity  due  to  location  over  that  due  to  variety. 

A  small  test  was  run  to  determine  the  relative  precision  of  the 
analytical  values  to  be  expected  in  a  routine  laboratory  operation. 

The  excess  pulp  from  several  samples  was  combined  and  thoroughly  mixed. 
Fifteen  samples  were  weighed  in  a  period  of  only  10  to  15  minutes  and 
run  in  the  usual  manner.  The  data  in  Table  1  show  a  fairly  high  degree 
of  precision  in  most  of  the  values.  However,  there  was  an  obvious 
decrease  in  potassium  and  impurity  index  of  the  later -weighed  samples. 
When  each  value  was  plotted  against  sampling  sequence,  it  was  found 
that  sugar  increased  and  all  of  the  impurity  values  decreased,  possibly 
indicating  a  progressive  change  in  samples  due  to  liquid  and  pulp 
separation  during  the  sampling  period.  .  Part  of  the  progressive  change 
in  potassium  values  are  probably  analytical  errors  due  to  small  changes 
in  the  instrument  after  being  turned  on.  Standards  were  run  after  each 
six  determinations.  There  was  evidently  a  progressive  change  in  the  , 
instrument  at  the  start,  but  within  the  usual  tolerance  level  for 
routine  work.  Sodium  was  run  in  reverse  sequence  at  the  end  of  the  day 
with  a  completely  warmed-up  instrument. 

Probably  the  best  argument  in  favor  of  the  impurity  index  value 
over  that  of  purity  is  that  the  impurity  index  isolates  more  than  80 $ 
of  the  compounds  that  prevent  crystallization  from  the  sugar,  while  the 
purity  value  includes  the  sugar  in  both  the  numerator  and  denominator 
of  the  calculation.  Small  errors  in  readings  of  sugar,  for  example, 
may  change  the  calculated  value  20$  of  the  range  in  purity  between  low- 
and  high-quality  beets.  This  is  not  true  with  impurity  index  values 
because  the  differences  are  very  large  and  less  affected  by  errors  in 
sugar . 


During  the  past  season  nine  laboratory  technicians’,  excluding 
sampling  room  personnel,  ran  as  many  as  515  samples  for  sugar  and  amino 
nitrogen  in  one  day.  Up  to  1728  sodium  or  potassium  determinations 
were  subsequently  run  in  a  day  by  three  people.  All  of  these  determin¬ 
ations  were  run  on  samples  averaging  about  20  grams  of  tissue.  On 
extremely  variable  individual  beet  samples  the  amino  N  varied  from  105 
to  1553  ppm;  sodium  varied  from  46  to  2375  ppm;  potassium  varied  from 
464  to  4167  ppm;  and  impurity  index  varied  from  183  to  2393.  Quality 
selections .from  such  material  can  be  easily  made, but  the  probability 
that  the  differences  are  due  to  heredity  s ease  extremely  remote  unless 
genetic  variability  is  very  large. 
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TABLE  1*  Analytical  values  and  standard  deviation  of  fifteen  consecutively 
weighed  samples  from  the  same  lot  of  sugarbeet  (sawed)  pulp 


Sample 

Sugar 

Amino  N 

Na 

K 

Impurity 

Number 

$ 

PPM 

PPM 

PPM 

Index 

1 

11.8 

316 

294 

3100 

1013 

2 

11.7 

335 

291 

3100 

1037 

3 

11.8 

345 

294 

3148 

1048 

4 

11.9 

345 

291 

3148 

1037 

5 

11.7 

345 

291 

3172 

1058 

6 

11.7 

345 

294 

3124 

1047 

7 

11.7 

345 

291 

3054 

1034 

8 

11.8 

335 

294 

3030 

1012 

9 

12.0 

335 

291 

3054 

991 

10 

11.8 

326 

291 

3030 

1003 

n 

12.0 

316 

2  91 

3054 

983 

12 

12.0 

316 

291 

3077 

988 

13 

11.8 

311 

291 

3007 

987 

14 

11.8 

316 

288 

2984 

986 

15 

12.0 

288 

285 

3007 

948 

Mean 

11.89 

238 

291 

3073 

1011 

Standard 

Deviation 

0.119 

17.0 

2.4 

57.6 

31.3 

169 


11.0 

ll.y 

U.8 
%  11 .7 


It 


$ 


i 
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The  relative  effect  on  purity  and  impurity  index  values  due  to  a  small  error 
in  sugar  polarization  may  be  illustrated  by  calculating  both  values  on  high 
and  low  quality  sugarbbets*  Assuming  that  calculated  impurities  are  equal 
to  80 $  of  the  total  impurities  in  thin  Juice* 

«  Calc •  T • J .  Imp • 

Parts, per  ndfLlion 


Sugar  $  Amino  N  Na 


High  quality  20.0  70 

Low  quality  12.0  800 

Low  quality  +  .256  12. &  800 

error 

Difference  due  to  .2$  error  in  sugar 
Difference  between  high  and  low  quality 


20 

800 

800 


Purity 

$ 


600  94.22 
5000  84.53 
3000  85,94 


1.4i 

9.69 


Index 

No. 

113 

1525 

1500 

25 

1412 


Calculation :  Error  in  $  of  difference  14.52 

1*77 

High  quality: 

Low  quality: 

700  Amino  N  X  10 

8000  Amino  N  X  10 

70  Na  X  3.5 

2800  Na  X  3.5 

1500  K  X  2.5 

2&fb  Total  impurities 

7500  K  X  2.5 

I83GS 

2270  «  113  Imp*  Index 

Imp.  Index  =  183OO 

-  1525 

2270  ppm  +  20$  «  2724  ppm  or 

Imp.  Index  *=  I85OO 

■  1500 

T.J.  Purity  -  20  X  100  «=  94.22 

20  +  .27^4 


18300  =  20#  =  21960  ppm  or 


T.J.  Purity  -  120  X  100  =  84.53 
12.0  +  2.196 

T.J.  Purity  -  12.2  X  100  =  85.94 

14.196 
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DEVELOPMENT  AND  EVALUATION  OF  SUGARBEET  BREEDING 
MATERIAL  AND  VARIETIES  CARRYING  RESISTANCE  TO 
LEAF  SPOT  AND  CURLY  TOP,  1965  1>  2/ 


John  0.  Gaskill,  Charles  L.  Schneider, 
Albert  M.  Murphy,  and  Gerald  E.  Coe 


The  program  of  development  and  evaluation  of  sugarbeet  breeding  material 
and  varieties  carrying  resistance  to  both  leaf  spot  (Cercospora  beticola) 
and  curly  top  (virus)  was  continued  at  Fort  Collins  in  1965  in  about  the 
same  way  as  in  the  preceding  year  (3)  with  some  modifications  and 
expansion.  Very  substantial  contributions  were  made  by  other  U.  S. 
Department  of  Agriculture  stations  in  the  evaluation  of  breeding  lines 
and  experimental  hybrids  for  resistance  to  diseases,  especially  curly 
top.  Such  stations,  state  experiment  stations,  and  several  sugar  com¬ 
panies  cooperated  in  the  agronomic  evaluation  of  a  set  of  varieties 
having  some  degree  of  resistance  to  both  leaf  spot  and  curly  top  (so- 
called  MLSR-C1R"  varieties)  and  other  material  at  a  number  of  locations 
in  various  states.  This  report  pertains  to  the  results  of  these  under¬ 
takings  in  terms  of  performance  data.  Details  regarding  the  breeding 
work,  preliminary  observational  evaluation  of  breeding  lines,  etc., 
have  ben  largely  omitted. 


1/  This  progress  report  pertains  to  breeding  and  evaluation  work  con¬ 
ducted  at  Fort  Collins,  Colorado,  and  to  cooperative  tests  conducted 
elsewhere  by  various  investigators,  with  results  compiled  at  the  Fort 
Collins  station.  The  work  at  Fort  Collins  was  performed  by  the  Crops 
Research  Division,  A.R.S.,  U.S.  Department  of  Agriculture,  in  co¬ 
operation  with  the  Colorado  Agricultural  Experiment  Station  and  the 
Beet  Sugar  Development  Foundation,  and  was  supported  in  part  by  funds 
contributed  by  the  National  Sugar  Manufacturing  Company.  Assistance 
rendered  by  Joseph  A.  Elder  and  Luther  W.  Lawson,  Agricultural  Research 
Technicians,  Crops  Research  Division,  in  conducting  breeding,  evaluation, 
and  other  work  at  Fort  Collins  is  acknowledged.  Participation  by  other 
investigators  in  the  research  program  covered  by  this  report  is  ack¬ 
nowledged  in  the  tables  and  accompanying  discussion. 
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High  Lights  of  Accomplishments 

1.  Extensive  evaluation  tests  at  various  locations  in  1965  clearly 
established  the  value  of  the  monogerm,  male-sterile  F-^,  FC  (502/2  x 
504)MS ,  for  use  as  the  female  in  hybridizations  with  pollinators 
having  combined  resistance  to  leaf  spot  and  black  root  (e.g.  SP  5822-0 
and  SP  59B18-0)  and  with  pollinators  resistant  to  leaf  spot  and 
curly  top  (e.g.  FC  901),  FC  (502/2  x  504)MS  has  high  resistance  to 
leaf  spot,  and  sucrose  percentage  is  satisfactory.  It. is  susceptible 
to  curly  top  and  presumably  also  to  black  root, 

2.  The  multigerm,  LSR-CTR  variety,  FC  901,  was  shown  to  have  considerable 
promise  for  use  as  a  pollinator  in  the  production  of  LSR-CTR,  mono¬ 
germ  hybrids.  It  is  high  in  curly  top  resistance,  moderate  in  leaf 
spot  resistance,  and  has  satisfactory  sucrose  percentage.  FC  901 

was  developed  by  backcrossing,  using  US  201  as  the  source  of  leaf 
spot  resistance--!, e.  as  the  non-recurring  parent.  FC  901  is  not  a 
finished  product.  It  is  segregating  for  leaf  spot  resistance  and 
presumably  also  for  curly  top  resistance  and  combining  ability.  It 
is  considered  an  excellent  source  from  which  superior  lines  may  be 
selected  for  use  as  pollinators, 

3.  The  monogerm  hybrid,  FC  (502/2  x  504)MS  x  FC  901,  was  found  to  have 
curly  top  resistance  about  equal  to  that  of  the  variety  used  as  the 
standard  in  1965  evaluation  tests,  [SL  (129  x  133)MS  x  SP  5822-0], 

It  is  superior  to  the  standard  variety  in  leaf  spot  resistance.  In 
a  series  of  cooperative  agronomic  tests  involving  13  locations  in 

9  states,  the  average  gross  sucrose  yield  and  sucrose  percentage  for 
FC  (502/2  x  504)MS  x  FC  901,  expressed  as  percent  of  the  correspond¬ 
ing  averages  for  the  standard  variety,  were  108.4  and  102.5,  respec¬ 
tively.  Cotresponding  percent-of-standard  figures  for  the  local 
check  variety  at  the  13  locations  were  103.2  and  100.1.  Under 
severe  leaf  spot  exposure  at  Fort  Collins,  FC  (502/2  x  504)MS  x 
FC  901  significantly  exceeded  the  local  check  (GW  674-56C)  in  root 
yield,  sucrose  percentage,  and  gross  sucrose  yield.  Its  superiority 
in  gross  sucrose  yield  amounted  to  8.97.  and  was  highly  significant. 

4.  Two  LSR-CTR,  monogerm,  type-0  or  near  type-0,  inbred  lines  were 
found  to  have  relatively  high  curly  top  resistance,  medium  to  high 
leaf  spot  resistance,  and  apparently  acceptable  sucrose  percentage 
and  combining  ability.  One  of  these  lines,  FC  601,  has  high  leaf 
spot  resistance--about  equal  to  that  of  US  201.  The  other,  SP 
632028sl,  has  medium  leaf  spot  resistance--about  equal  to  that  of 
SP  5481-0. 

5.  Observational  tests  for  leaf  spot  and  curly  top  resistance  at  Fort 
Collins,  Colorado,  and  Logan,  Utah,  respectively,  indicated  that 
several  new,  type-0  or  near  type-0,  monogerm,  inbred  lines  combine 
high  levels  of  resistance  to  both  diseases. 


Top-cross  Tests  at  Fort  Collins  Involving  Leaf  Spot 
Resistant,  Monogerm,  Type-0,  Inbred  Lines 


Since  leaf  spot  resistant,  monogerm,  type-0,  inbred  lines  may  have 
potential  value  for  the  production  of  LSR-CTR  hybrids,  results  of 
combining  ability  tests  for  such  lines  have  a  rightful  place  in  this 
report,  even  though  the  lines  themselves  may  lack  curly  top  resistance. 

Two  combining  ability  tests  of  the  top-cross  type  were  conducted  at 
Fort  Collins  in  1965  under  severe,  artificially  intensified,  leaf  spot 
exposure.  One  of  these  tests  (Experiment  no.  2A)  involved  hybrids  having 
varieties  resistant  to  leaf  spot  (Cercospora  beticola)  and  black  root 
(Aphanomyces  cochlioides)-- so- called  "LSR-BRR"  varieties--as  male  parents. 
The  hybrids  in  the  other  test  (Experiment  3A) ,  had  resulted  from  pollina¬ 
tion  by  LSR-CTR  varieties  or  lines.  Randomized  block  experimental  designs 
were  used  with  1-row,  20-foot  plots,  and  8  replications.  Rows  were  20 
inches  apart.  At  harvest,  all  roots  in  a  17-foot  section  in  each  plot 
were  washed,  weighed,  and  analyzed  for  sucrose  percentage.  Stands  and 
field  uniformity  were  good,  and  both  tests  are  considered  reliable.  The 
top-cross  hybrids  in  Experiment  3A  were  evaluated  for  curly  top  resistance 
by  A.  M.  Murphy,  U.  S.  Department  of  Agriculture,  in  field  plots  at 
Thatcher,  Utah.  The  parental  material  involved  in  Experiments  2A  and 
3A  is  described  in  Table  1. 

Results,  Experiment  2A: 

The  results  of  Experiment  2A  are  presented  in  Tables  2,  3,  4,  and  5.  In 
this  test,  as  in  the  preceding  year  (3),  single-cross  hybrids  involving 
FC  502/2  and  FC  503  as  females  and  LSR-BRR  multigerm  material  as  pollin¬ 
ators  were  relatively  high  in  both  sucrose  percentage  and  yield  of  gross 
sucrose.  The  favorable  performance  of  FC  504  in  the  single-crosses  in 
Experiment  2A  (1965)  was  in  keeping  with  results  reported  for  that  line 
(as  SP  592013sl)  in  1963  (2).  Results  shown  for  SP  602000sl  in  Experi¬ 
ment  2A  are  quite  promising  and  indicate  the  desirability  of  further 
work  with  that  line. 

The  results  for  the  3-way  hybrids  (Tables  2-5)  provide  an  opportunity 
for  comparisons  of  LSR-BRR  pollinators--comparisons  that  may  be  of  in¬ 
terest  particularly  in  eastern  sugarbeet  areas  where  black  root  of  the 
Aphanomyces  type  is  an  economic  problem.  It  is  quite  clear  that  the 
monogerm  variety,  SP  621160-00  was  inferior  to  the  other  pollinators 
under  the  conditions  of  Experiment  2A.  Each  of  the  other  two  pollin- 
ators--both  multigerm-1" produced  sets  of  hybrids  that  were  substantially 
above  the  standard  variety,  SL  (129  x  133)MS  x  SP  5822-0  in  productivity 
and  sucrose  percentage.  These  two  sets  of  hybrids  were  about  alike  in 
all  attributes  presented  in  the  table  except  leaf  spot  resistance.  The 
set  having  SP  5822-0  as  the  male  parent  was  significantly  superior  in 
leaf  spot  resistance.  But  in  spite  of  this  advantage,  the  set  having 
SP  59B18-0  as  the  male  parent  averaged  somewhat  higher  in  gross  sucrose 
yield. 
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Among  the  3-way  hybrids  in  Experiment  2A  (Tables  2-5)  ,  two  are  of  special 
interest  because  of  extensive  evaluation  and  favorable  performance  of  the 
Fi  female  parent  (temporary  code  a  x  d)  in  other  tests  in  1965*  These 
two  hybrids  are  FC  (502/2  x  504)  MS  x  SP  5822-0  and  FC  (502/2  x  504)  MS  x 
SP  59B18-0.  Each  of  these  hybrids  was  significantly  superior  to  the 
standard  variety  in  leaf  spot  resistance,  root  yield,  sucrose  percentage, 
and  gross  sucrose  yield#  The  average  gross  sucrose  production  for  the 
two  hybrids  was  4,598  pounds  per  acre,  16,9  percent  above  that  of  the 
standard  variety,  a  highly  significant  difference#  Results  from  a  top- 
cross  test  of  East  Lansing,  Michigan,  hybrids  (Fort  Collins  Experiment 
4A) ,  not  included  in  this  report,  afford  another  opportunity  for  compari¬ 
son  of  FC  (502/2  x  504)  x  SP  59B18-0  with  the  standard  variety#  In  that 
test,  the  former  surpassed  the  latter  by  highly  significant  amounts  in 
leaf  spot  resistance,  root  yield,  sucrose  percentage,  and  gross  sucrose 
yield#  Its  superiority  in  gross  sucrose  yield  amounted  to  19.5%# 

Results,  Experiment  3A: 

Results  obtained  from  the  agronomic-test  portion  of  Experiment  3A  at 
Fort  Collins  are  presented  in  Tables  6,  7,  8,  and  9.  The  curly  top 
resistance  data,  obtained  at  Thatcher,  Utah,  are  shown  in  Table  10. 

Using  the  results  for  the  3-way  hybrids  for  comparisons  of  pollinators, 
it  appears  that  the  diploid  variety,  FC  901,  is  superior  to  the  two 
tetraploids  in  the  level  of  sucrose  percentage  imparted  to  the  hybrids. 
Root-yield  differences,  between  the  two  sets  of  hybrids,  also  were  in 
favor  of  the  FC  901  hybrids,  though  non-significant.  Differences  be¬ 
tween  the  two  sets  of  hybrids  in  resistance  to  leaf  spot  and  curly  top 
were  slight. 

Four  of  the  FC  901  hybrids  exceeded  the  standard  variety,  SL  (129  x  133) 
MS  x  SP  5822-p,  by  approximately  significant  amounts,  at  least,  in  both 
sucrose  percentage  and  gross  sucrose  yield.  Females  involved  in  those 
hybrids  included  FC  502/2,  FC  503,  FC'504,  and  SP  581194sl.  Each  of 
the  four  hybrids  was  at  least  equal  to  SL  (129  x  133)  MS  x  SP  5822-0  in 
leaf  spot  resistance  and  exhibited  some  degree  of  curly  top  resistance. 
One  of  those  hybrids,  FC  (502/2  x  504)  MS  x  FC  901  is  of  special  interest 
because  of  its  outstanding  performance  in  the  1965  Cooperative  Tests  of 
LSR-CTR  Varieties. 


Table  1  . — Description  of  parental  material  involved  in  top-cross  tests,  Fort  Collins,  Colo.,  1965 

(Exp.  no.  2A  and  3A). 
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Table  2  .—Results  of  top-cross  test,  LSR-BRR,  monogerm  hybrids.  Fort 
Collins,  Colo.,  1965;  Exp.  Ho.  2A;  basic  data  presented  as 
8-plot  averages. 


Gross 

Sucrose 

per  Acre  ( Lbs . ) 

9 

• 

• 

LSR-BRR  lines:  2n 

Aver. : Aver. 

LSD 

CMS  phase  of  mm,  LSR, 

* 

col.:  col. 

(.05) 

T.O.  lines 

bs low | 

2n 

:  mm 

• 

• 

4  &  5:4,  5 

for 

Strain 

:Equiv, 

:Temp, 

sf  r 

~~S?  :  SP 

:  6  6 

av.  of 

no. 

: stage 

:code 

5822-0: 

59B18-0: 621160-00 

• 

• 

avs. 

ITT 

(2! 

<3> 

(4) 

(5)  (6) 

~TD  CeT 

(9) 

I .  Three -wa^  hybrids 

See  below 

a  x  b 

4473 

4822  4116 

4648  4470 

H  »l 

axe 

4655 

4733  3950 

4694  4446 

»i  ii 

a  x  d 

4598 

4597  4036 

4598  4410 

ii  »i 

c  x  d 

4644 

4685  3953 

4665  4427 

Average 

4593 

4709  4014 

192 

II.  Single  crosses 

FC  502/2 

B3 

a 

4285 

4571 

4428 

FC  503  . 

b3-4 

b 

4514 

4635 

4575 

SP  602Q39sl-, 

b2 

3946 

3651 

3799 

SP  602116sl~ 

B2 

3367 

SP  602082sl 

b2 

3622 

SP  581181sl 

B1 

4191 

SP  602122sl-/ 

B2 

3834 

3981 

3908 

SP  581194sl 

c 

4103 

4170 

4137 

SP  602105sl  . 

b2 

4173 

4353 

4263 

SP  602009sl— 

B2 

4210 

4006 

4108 

FC  505 

b2 

3884 

4228 

4056 

SP  58122281 

B2 

4205 

SP  602154s! 

B1 

4081 

4045 

4063 

FC  504 

B2 

d 

4841 

4786 

4814 

SP  602000s! 

B1 

4810 

4696 

4753 

III.  Parental  and  check  material 


Acc.  2623  (SP  5822-0)  3853 

Acc.  2684  [SL  (129  X  133)  MS 
_ X  SP  5822-0]  _  3932 

LSD  (.05)  for  8-plot  avs.  382  382 

LSD  (.05)  for  av.  of  averages _ _ 

a/ 


382 


272  222 


The  CMS  phase  of  the  indicated  line  is 


segregating  for  M  and  m 
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Table  3  . — Results  of  top-cross  test,  LSR-BRR,  monogerm  hybrids,  Fort 

Collins,  Colo,,  1965;  Exp,  No,  2A;  basic  data  presented  as 
8-plot  averages. 

Roots  per  Acre  (Tons) 


$ 

cf 

• 

CMS  phase  of 

nsa,  LSR, 

LSR-BRR  lines 

;  2n 

Aver. : 

col. : 
4  6  5: 

Aver. 

col. 

4,  5 

LSD 

(.05) 

for 

T.O.  lines  below;  2n 

MM 

• 

1 

• 

mm 

Strain  : 

Equiv. :Temp. 

SP  : 

SP  : 

SP 

• 

• 

6  6 

av.  of 

no.  : 

stage  :code 

5822-0: 

59B18-0: 621160-00 

• 

• 

avs. 

(1) 

(25  (3) 

(4) 

(5) 

T6) 

(7) 

(8) 

T9 7~ 

I.  Three-wa^  hybrids 

See  below 

a  x  b 

13.59 

14.65 

12.48 

14.12 

13.57 

»»  1! 

axe 

13.87 

14.24 

11.70 

14.06 

13.27 

tt  tt 

a  x  d 

14.13 

14.28 

12.22 

14.21 

13.54 

it  tt 

c  x  d 

14.05 

14.34 

12.37 

14.20 

13.59 

Average 

13.91 

14.38 

12.19 

0.57 

II.  Single  crosses 

FC  502/2 

B3  a 

12.81 

13.30 

13.06 

FC  503 

SP  602039sl-, 
SP  602116sl- 

®3-4  b 

13.93 

14.21 

14.07 

b2 

12.36 

11.58 

11.97 

b2 

10.82 

SP  602082sl 

b2 

11.51 

SP  581181sl 

SP  602122sl- 

B1 

b2 

11.83 

12.72 

12.41 

12.12 

SP  5811 94sl 

B3  c 

12.02 

12.66 

12.34 

SP  602105sl  . 
SP  602009sl- 

b2 

13.04 

13.18 

13.11 

b2 

12.85 

12.39 

12.62 

FC  505 

b2 

12.17 

13.25 

12.71 

SP  581222sl 

b2 

12.91 

SP  602154sl 

B1 

12.61 

12.47 

12.54 

FC  504 

B9  d 

15.52 

15.12 

15.32 

SP  602000sl 

B1 

14.55 

13.99 

14.27 

■ 

III. 

Parental  and  check  material 

Acc.  2623 

(SP  5822-0) 

12.42 

Acc.  2634 

CSL  (129  X  133)  MS 

X  SP 

5822-0] 

12.51 

LSD  (.05)  for 

8-plot  avs. 

1.13 

1.13 

1.13 

LSD  (.05)  for 

av.  of  avs. 

0.80 

0.65 

— ^  The  CMS  phase  of  the  indicated  line  is  segregating  for  M  and  m. 
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Table  4 


.—Results  of  top-cross  test,  LSR-BRR*  monogerm  hybrids.  Fort 
Collins,  Colo.,  1965;  Exp.  No.  2A;  basic  data  presented  as 
8-plot  averages. 

Sucrose  Percentage 


CMS  phase  of  mm,  LSR, 
T.O.  lines  below;  2n_ 


Strain 

no. 


:Equiv. :Temp, 

: stage  :code 


cT 

• 

LSR-BRR  lines;  2n 

Aver.:  Aver. 

ml,:  col. 

MM  :  mm 

• 

• 

465:4,5 

SP  :  SP  :  SP 

:  6  6 

5822-0 :59B18-0: 621160-00 

• 

LSD 
(  .05) 
for 

av.  of 
avs. 

"W 


TIT 


77 


o)  <4'r  TbT 


TeT 


775  TeT 


1 

• 

1 

IS 

I  a> 

-way  hybrids 

See  below 

a 

x  b 

<  16.45 

16.46  16.49 

16.46 

16.47 

?  i  ti 

a 

X  c 

:  16.74 

16.61  16.87 

16.68 

16.74 

n  ti 

a 

x  d 

l  16.27 

16.11  16.51 

16.19 

16.30 

n  tt 

c 

x  d 

i  16.53 

16.32  15.97 

16 .43 

16.27 

Average 

16.50 

16.38  16.46 

0.17 

II.  Single  crosses 

FC  502/2 

B3 

a 

16.72 

17.17 

16.95 

FC  503  . 
SP  602039sl— ^ 
SP  602116sl- 

b3-4 

b 

16.20 

16.27 

16.24 

b2 

b2 

15.95 

15.56 

15.75 

15.85 

SP  602082sl 

b2 

15.74 

SP  581181sl  . 
SP  602122sl“ 

B1 

B2 

16.19 

16.44 

16.02 

16.il 

SP  581194sl 

c 

17.04 

16.46 

10.75 

SP  6021C  5sl 

SP  60200  )sl- 

b2 

b2 

15.99 

16.37 

16.51 

16.16 

16.25 

16.27 

FC  505 

b2 

15.96 

15.94 

15.95 

SP  581222sl 

b2 

16.27 

SP  602154sl 

B1 

16.18 

16.17 

16.18 

FC  504 

b2 

d 

15.60 

15.83 

15.72 

SP  602000sl 

*1 

16.54 

16.79 

16.67 

III. 

Parental  and  check  material 

Acc.  2623 

(SP  5822-0) 

15.52 

Acc.  2634 

[SL  (129  X 

133)  MS 

X  SP  5822-0] 

15.66 

LSD  (.05)  for 

8-plot 

avs . 

0.34 

0.34  0.34 

LSD  (.05)  for 

av .  of 

avs . 

0.24 

0.20 

—  The  CMS  phase  of  the  indicated  line  is  segregating  for  M  and  m. 
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Table  5  « — Results  of  top-cross  test,  LSR-BRR,  monogerm  hybrids,  Fort 

Collins,  Colo.,  1965;  Exp.  No.  2A;  basic  data  presented  as 
8-plot  averages. 

3l/ 

Leaf  Spot  Grades— 


9 

c f 

• 

• 

CMS  phase  of 

mm,  LSR, 

•LSR-BRR  lines;  2n 

Aver . : 

col. : 
4  S  5: 

Aver. 

col. 
4,  5, 

LSD 

(.05) 

for 

T.O.  lines  below;  2n 

MM 

:  mm 

• 

• 

Strain  : 

Equ  iv  •  *T  6  nip  • 

SP  : 

SP  :  SP 

• 

• 

6  6 

av.  of 

no. 

stage  :code 

5822-0.-59B18-0: 621160-00 

• 

• 

avs. 

"71 T 

T2V  (35 

74) 

(5)  (6) 

(7) 

(8) 

(9) 

I .  Three- 

-wa£  hybrids 

See  below 

a 

x  b 

1.4 

2.3  2.0 

1.9 

1.9 

ii  n 

a 

x  c 

1.4 

2.5  2.6 

2.0 

2.2 

ii  it 

a 

x  d 

1.1 

1.8  2.3 

1.5 

1.7 

•i  «i 

c 

x  d 

1.4 

2.8  2.7 

2.1 

2.3 

Average 

1.3 

2.4  2.4 

0.3 

II.  Single  crosses 

FC  502/2 

B3 

a 

0.8 

1.4 

1.1 

FC  503  . 
SP  602039sl^ 
SP  602116sl- 

B3-4 

b 

2.3 

2.7 

2.5 

b2 

3.1 

3.6 

3.4 

B2 

2.8 

SP  602082sl 

b2 

3.0 

SP  581181sl  . 
SP  602122sl- 

B1 

3.1 

b2 

2.2 

3.0 

2.6 

SP  5811 94sl 

B3 

c  , 

1.3 

3.1 

2.2 

SP  602105sl  . 
SP  602009sl- 

b2 

2.8 

3.3 

3.1 

B2 

2.8 

3.6 

3.2 

FC  505 

b2 

2.7 

2.6 

2.7 

SP  581222sl 

b2 

2.7 

SP  602154s! 

B1 

2.4 

1.9 

2.2 

FC  504 

b2 

d 

1.3 

2.3 

1.8 

SP  602000sl 

B1 

0.5 

1.5 

1.0 

III. 

Parental 

and  check  material 

Acc.  2623 

(SP  5822 

-0,). 

2.2 

Acc.  2634 

[SL  (129 

X  133)  MS 

X  SP 

5822-0] 

3.6 

LSD  (.05)  for 

8-plot  avs. 

0.6 

0.6  0.6 

LSD  (.05)  for 

av.  of  avs. 

0.4 

0.3 

a  j 

—  Leaf  spot  grades  (by  J.  A.  Elder,  9/2/65):  0  =  no  leaf  spot; 

10  =  complete  defoliation. 

b/  The  CMS  phase  of  the  indicated  line  is  segregating  for  M  and 


m. 
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Table  6  . — Results  of  top-cross  test,  LSR-CTR,  monogerm  hybrids.  Fort 

Collins,  Colo.,  1965;  Exp.  no.  3A;  basic  data  presented  as 
8-plot  averages. 

Gross  Sucrose  per  Acre  (Lbs . ) 


? 


cf 


CMS  phase  of  mm,  LSR,  :  : Aver. : Aver. :  LSD 

T.O.  lines  below;  2n^  : LSR-CTR,  multigerm  lines:  col.:  col.:  (.05) 


.  a/ 

2n 

„  :4  & 

4n 

) : 4 ,  5 , : for  av . 

Strain 

:Equiv. :Temp.— 

• 

:  66  :of  avs. 

no. 

:  stage:  code 

FC  901 

S-62-16:S-63  pool: 

•  • 

•  • 

U) 

(2) 

TaT" 

T4 r 

— nn 

(6) 

(7) 

(8) 

I 

.  Three-way  hybrids 

See  below 

a  x  b 

4520 

4059 

3974 

4290 

4184 

»»  II 

axe 

3770 

3938 

4128 

3854 

3945 

tt  II 

a  x  d 

4270 

4063 

3938- 

4167 

4090 

II  II 

c  x  d 

4293 

4071 

4182 

Aver. ,  a  x 

b,  a  x  c. 

6  a  x  d 

4187 

4020 

4013 

188 

Aver. ,  all 

the  above 

hybrids 

4213 

4033 

163 

II.  Single  crosses 


FC  502/2 

B3 

a 

3799 

FC  503 

Bu 

b 

4540 

SP  602039sl-/ 

4 

b9 

3540 

SP  602009sl— 7 

2 

b2 

3746 

FC  504 

B2 

d 

4233 

II I_. _  Parent al_^  checj<,_and  misc.  material 


SP  641204HO  (FC  901)  2707 

SP  641205HO  ( S-62-16 )  3273 

SP  641206HOO  (S-63  pool)  3489-2/ 

Acc.  2620  ( Amal .  S32DR10)  2917 

Acc.  2621  (Holly  NBHH1)  3952 

Acc„  2622  (Hclly  HH9)  4069-2/ 

Acc.  2623  (SP  5822-0)  3760 

Acc.  2634  [SL  ( 129.  X  133)  MS  X 

SP  5822-0]  3946 


LSD  (.05)  for  8-plot  avs.  325  325  325 

LSD  (.05)  for  av.  of  averages  230 


Strain  no.  for  temporary  code  "c"  is  SP  581194sl. 

The  CMS  phase  of  the  indicated  line  is  segregating  for  M  and  m. 
One  missing-plot  value  was  estimated. 
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Table  7  . — Results  of  top-cross  test,  LSR-CTR,  monogerm  hybrids.  Fort 

Collins,  Colo.,  1965;  Exp.  no.  3A;  basic  data  presented  as 
8-plot  averages. 

Roots  per  Acre  (Tons) 


9 

c r 

•  •  • 

•  •  • 

CMS  phase  of  mm,  LSR, 

T.0.  lines  below;  2n 

: Aver. : Aver. :  LSD 

LSR-CTR,  multigerm  lines:  col.:  col.:  (.05) 

2n  !  4n  !4  6  5:4’  5>:f°r  av- 

—  :  —  :  :6  6  :of  avs. 

Strain 

no. 

j 

:Equiv. :Temp.— 

:  stage:  code 

FC  901 

S-62-16: 

S-63  pool:  :  : 

(1) 

(2)  (3) 

(4) 

"Terr 

T6)  (7)  (8) 

I.  Three-way.  hybrids 

See  below 

a  x  b 

14,38 

13.28 

13.19  13.83  13.62 

ii 

it 

axe 

11.96 

12.75 

13.23  12.36  12.65 

»» 

ii 

a  x  d 

13.95 

13.54 

12.92-  13.75  13.47 

it 

c  x  d 

13.75 

13.43 

13.59 

Aver. ,  a  x  b 

a  x  c,  6  a  x  d 

13.43 

13.19 

13.11  0.62 

Aver. ,  all  the  above  hybrids 

13.51 

13.25 

0.53 

II.  Single  crosses 

FC 

502/2 

B3 

12.00 

FC 

503 

B„  b 

14.75 

h/ 

SP 

60203 9sl— 

Bo 

11.88 

SP 

L  /  ^ 

602009sl-  B 

11.82 

FC 

504 

B2  d 

13.88 

III.  Parental,  check,  and 

misc.  material 

SP  641204H0  (FC  901) 

9.49 

SP  641205HO  (S-62-16) 

10.85  / 

SP  641206HOO  (S-63  pool) 

11.77- 

Acc. 

2620  ( Amal .  S32DR10) 

9.97 

Acc. 

2621  (Holly  NBHH1) 

13.68  . 

Acc. 

2622  (Holly  HH9 ) 

14. 19^7 

Acc. 

2623  (SP  5822-0) 

12.82 

Acc. 

2634  [SL  (129  X 

133)  MS  X 

SP 

5822-0] 

13.39 

LSD  (.05)  for  8-plot  avs.  1.07  1.07  1.07 

LSD  (.05)  for  av.  of  averages_ 0,76  0.62 

—  Strain  no.  for  temporary  code  "c”  is  SP  581194sl. 

— ^  The  CMS  phase  of  the  indicated  line  is  segregating  for  M  and  m. 
c/ 

—  One  missing-plot  value  was  estimated. 
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Table  8  .--Results  of  top-cross  test,  LSR-CTR,  monogerm  hybrids.  Fort 
Collins,  Colo.,  1965;  Exp.  no.  3A;  basic  data  presented  as 
8-plot  averages. 

Sucrose  Percentage 


9 

c r 

•  •  • 

•  •  • 

LSD 
(.05) 
for  av. 
of  avs. 

CMS  phase 
T.O.  lines 

of  mm,  LSR, 
below;  2n 

: Aver. : Aver. : 
LSR-CTR,  multigerm  lines:  col.:  col.: 

2n  !  4n  !4  S  5s\«  l': 

—  :  —  :  :  6  6  : 

Strain 

no. 

:Equiv. :Temp.— ^ 

:  stage:  code 

FC  901 

S-62-16: 

S-63  pool:  :  : 

(1) 

(2)  (3) 

(4) 

(5) 

(6)  (7)  JTT 

I. 

Three-way  hybrids 

See 

below 

a  x  b 

15.72 

15.27 

15.08  15.50  15.36 

If 

fl 

axe 

15.76 

15.44 

15.60  15.60  15.60 

II 

If 

a  x  d 

15.31 

15.00 

15.26  15.16  15.19 

fl 

it 

c  x  d 

15.61 

15.15 

15.38 

Aver. ,  a  x  b. 

axe,  &  a  x  d 

15.60 

15.24 

15.31 

0.20 

Aver. ,  all  the  above  hybrids 

15.60 

15.22 

0.17 

II.  Single  crosses 

FC 

502/2 

B3  a 

15.84 

FC 

503 

B4  b 

15.38 

SP 

602 03 9s 1—^ 

b9 

14.91 

SP 

602009sl-/ 

2 

B2 

15.86 

FC 

504 

B2  d 

15.26 

III.  Parental,  check,  and 

misc.  material 

SP  641204HO  (FC  901) 

14.27 

SP  641205HO  (S-62-16 ) 

15.09 

SP  641206HOO  (S-63  pool) 

14.82 

Acc. 

2620  (Amal.  S32DR10) 

14.62 

Acc. 

2621  (Holly  NBHH1) 

14.47 

Acc. 

2622  (Holly  HH9 ) 

14.33 

Acc. 

2623  (SP  5822-0) 

14.66 

Acc . 

2634  [SL  (129' X 

133)  MS  X 

SP 

5822-0] 

14.75 

LSD 

(.05)  for 

8-plot  avs. 

0.35 

0.35 

0.35 

LSD 

(.05)  for 

av.  of  avs. 

0.25  0.20 

a/  .  - - 

—  Strain  no.  for  temporary  code  "c”  is  SP  581194sl. 

-  The 

CMS  phase  of  the 

indicated  line 

is  segregating  for  M  and  ft. 
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Table  9  .—Results  of  top-cros®  test,  LSR-CTR,  monogerm  hybrids,  Fort 
Collins,  Colo.,  1965;  Exp.  no.  3A;  basic  data  presented  as 
8-plot  averages. 

Leaf  Spot  Grades^ 


2 

cf 

• 

• 

• 

• 

:Aver.:  LSD 
col.:  (.05) 

4 ,  5 , :  for  av . 

:&  6  :of  avs. 

• 

• 

CMS  phase  of  mm, 

T.O.  lines  below; 

LSR, 

2n 

LSR-CTR 
2n  ! 

;Aver. 

,  multigerm  lines:  col. 

„  :4  6  5 

4n 

• 

Strain  :Equiv. 

no.  :Stage 

:Temp.— 

:  code 

FC  901: 

S-62-16 :S-63  p 

ool: 

“to  (h 

TO” 

(4) 

(5) 

(6) 

rrr 

"TO 

I. 

Three- 

way  hybrids 

See  below 

a  x  b 

2.8 

3.3 

3.1 

3.1 

3.1 

tt 

n 

axe 

3.0 

2.9 

3.2 

3.0 

3.0 

•i 

it 

a  x  d 

2.6 

2.9 

3.2 

2.8 

2.9 

If 

ii 

c  x  d 

2.9 

2.8 

2.9 

Av. 

,  a  x  b,  a  x  c,  & 

a  x  d 

2.8 

3.0 

3.2 

0.3 

Av. 

,  all  the  above  hybrids 

2.8 

3.0 

0.3 

II,  Single  crosses 

FC 

502/2  B3 

a 

3.0 

FC 

503  B, 

b 

3.4 

SP 

c/ 

602039sl-  B0 

3.3 

SP 

c/  2 

602009sl-  -  B2 

3.3 

FC 

504  B2 

d 

2.4 

III.  Parent alA  check  and_  misc^_  material 


SP  641204HO  (FC  901)  4.6 
SP  641205H0  (S-62-16)  3.6 
SP  641206HOO  (S-63  pool)  3.1 
Acc.  2620  (Amal.  S32DR10)  6.5 
Acc.  2621  (Holly  NBHH1)  4.3 
Acc.  2622  (Holly  HH9)  5.8 
Acc,  2623  (SP  5822-0)  1.7 
Acc.  2634  [SL  (129  X  133)  MS  X 

SP  5822-0]  3.7 


LSD  (.05)  for  8-plot  averages  0.6  0.6  0.6 

LSD  (.05)  for  av.  of  averages_ 0.4  0.3 


—  Leaf  spot  grades  (by  J.  A.  Elder,  9/2/65):  0  =  no  leaf  spot;  10  = 
complete  defoliation. 

— ^  Strain  no.  for  temporary  code  "c"  is  SP  581194sl. 
c  / 

—  The  CMS  phase  of  the  indicated  line  is  segregating  for  M  and  m. 
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TJtdl 


04 


W  « 

a*  co 
<n  o 
o  o 

04  CO  04  04  ^ 

o  o  o  o  o 

m  in  in  <n  in 

cj  a  a-  a,  a 

u-  u.  co  co 


a  o  o  cr>  o  co  co 

••••••• 

j  n  j  m  ^  J  o 


-»l 

<0, 

t 

«l 


o| 

I1 

s 


«i 

cl 

5j 

a-l 


O  04  f  O  CO  H  f 


00 

ID 


CO  if  04  it  CD 
in  CO  45  CD  if" 


/■s  (O 
H  H 
O  I 
a>  CM 
(0 
CJ  I 
U.  1/3 


O  O 

X  X 

ss 

04  04 
H  *H 
if  if 
CO  45 

a,  a- 

C/5  CO 


o 

a. 


o 

I 

O  rH 
I  ID 
OHO 
4)  00  45 
I  if 
CO  ID  CL, 
w  CO 
Oh  w 

8  CO 
w  O 

ac  ac 

45  CD  O 
O  00  H 
04  ^  04 
H  04  H 
if  CO  CO 
4)  •  4)  CO 

O 
O 
< 


CL, 

CO 


(X,  C/5  C/5 

cn  D  D 


*1  45|  o|  T3 1 


Same  hybrids  as  in  Exp.  3A,  Ft.  Collins,  Colo.,  1965. 

Basis  of  curly  top  grades:  0  =  healthy;  9  =  death  due  to  curly  top. 
Strain  no.  for  temporary  code  "c"  is  SP  581194sl. 

The  CMS  phase  of  the  indicated  line  is  segregating  for  M  and  m. 
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Cooperators '  Teats  of  Top-cross  Hybrids 


Some  of  the  hybrids  evaluated  in  Experiments  2A  and  3A  at  Fort  Collins 
also  were  evaluated  in  agronomic  tests  by  cooperators  at  several  locations 

as  follows: 


Location  Cooperating  agency  and  personnel 

1-a  Rocky  Ford,  Colo#  Amer. Crystal  Sug.Co.;  R.  E,  Finkner  &  staff 


1-b 

ii  n  ir 

91 

ti 

2 

Johnson,  Kan. 

fl 

ii 

3 

Garden  City,  Kan. 

91 

it 

4 

Mason  City,  la. 

99 

n 

5 

Hereford,  Tex. 

Holly  Sug 

6 

Weslaco,  Tex. 

Tex,  Agr. 

7 

Progreso,  Tex. 

99 

19 

n 

IV 

If 

If 

If 

II 

ii 

II 

II 

II 

If 

II 

it 

VI 

IV 

II 

VI 

If 

it 

If 

If 

II 

II 

II 

Corp.;  D.F .Peterson,  Paul  Scott 
Exp.  Sta.;  W.R. Cowley  &  staff 

II  II  M  II  II  II 


The  tests  at  Weslaco  and  Progreso  were  planted  in  the  fall  of  1964  and  har 
vested  in  the  following  spring.  All  other  tests  were  spring  planted  and 
fall  harvested  in  1965.  Bolting  was  not  a  problem  in  the  Weslaco  and 
Progreso  tests  in  spite  of  the  fact  that  most  of  the  material  in  those 
tests  was  not  bolting  resistant. 


The  results  of  these  tests,  expressed  as  percent  of  the  performance  of 
the  standard  variety,  SL  (129  x  133)  MS  x  SP  5822-0,  are  presented  in 
Tables  11,  12,  and  13.  The  number  of  replications  and  the  estimated 
level  of  disease  exposure  in  each  test  are  shown  in  the  tables#  An 
indication  of  the  degree  of  precision  in  the  respective  tests  is  given 
in  the  form  of  LSD  values  expressed  as  percent  of  the  actual  average 
yield  or  sucrose  percentage  of  the  standard  variety.  Ordinarily,  one  or 
two  local  check  varieties  were  included  in  each  test  by  the  cooperator, 
and  results  for  those  varieties  are  included  in  the  tables#  At  Weslaco 
and  Progreso,  Texas,  there  were  many  varieties  or  hybrids  in  addition  to 
those  shown  in  the  tables#  The  choice  of  SP  5822-0  and  US  H6  as  so- 
called  "local  checks"  in  presenting  the  results  for  the  Weslaco  and 
Progreso  locations  was  an  arbitrary  one,  based  on  the  fact  that  those 
two  varieties  were  widely  used  in  another  series  of  cooperative  tests 
in  1965. 


In  the  cooperators '  tests,  as  in  Experiment  2A,  LSR-BRR  hybrids  having 
SP  621160-00  as  the  male  parent  were  consistently  lower  in  gross  sucrose 
yield  than  comparable  hybrids  having  SP  5822-0  or  SP  59B18-0  as  the  male 
parent#  Among  the  latter  hybrids,  FC  (502/2  x  504)  MS  x  SP  59B18-0  is 
of  special  interest.  In  locations  1-a,  4,  6,  and  7,  its  gross  sucrose 
yield,  expressed  as  percent  of  that  of  the  standard  variety,  was  99,  118, 
127,  and  111,  respectively  (average  113.8).  Sucrose  percentage  of  that 
hybrid  at  the  respective  locations,  expressed  in  the  same  way,  was  103, 
103,  96,  and  103  (average  101#3), 
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The  results  of  the  excellent  test  at  Hereford,  Texas,  afford  an  opportunity 
to  appraise  performance  under  dual  exposure  to  leaf  spot  and  curly  top-- 
both  severe®  Three  of  the  experimental  hybrids  significantly  exceeded 
the  better  of  the  two  local  checks  (HH  10)  in  gross  sucrose  yield.  Each 
of  those  hybrids  had  FC  504  as  a  component.  The  outstanding  hybrid,  a 
triploid  [FC  (502/2  x  504)  MS  x  S-62-16],  produced  111  and  99  percent  of 
the  standard  variety  in  gross  sucrose  yield  and  sucrose  percentage, 
respectively* 
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Table  U  —  it ~ hfji  if  hirirast  results  •*  egreeaslc  avalwatiea  Mats  of  eaperiasntal  hybrid#,  19*3;  aa  percent 

of  the  standard  variety,  U.  (139  X  111)  M  X  8P  S933-0. 

CJroes  Sucrose  Yield 


Description 

t 

t 

1 

t  aoe 

i 

3 

Location 

l  1-3  I  1-b 

iit.r.  iR.r. 

■  Colo. !  Colo. 
1  1 

i  2 

■Jobs, 
i  Kan. 

i 

I  3  t 
tQaCe  t 
(Kan,  t 

t  i 

* 

N.C. 

Ia. 

t  5  t 
:H«rf . i 
t  Ttx.: 

i  t 

•  I  7 

Wee.  iProg. 
Tea.  !  Tea. 
i  */12 

lAv. lAv.i^ 

ll-*il-D,2, 
l(  *i3  6  5 

1  ! 

lAv. 

i6  6 

l  7 

■ 

Disease 

!  L&-1  iLS-1 

1 

t  i 

LS-1 

l L8-3  l 

LE-2  i 

LS-1 

t  t 

3 

lKh-1  iRh-1 

I 

t  t 

Rh-1 

lCT-3  i 

3 

t  t 

3 

»o. 

ef  replications!  9  i  12 

l  3 

t  3  t 

* 

!  9  1 

*  i 

* 

t  3 

8 

(rc  502/2  x  rc 

503) 

MS 

X  SP 

3822-0 

*F 

•41201MO1 

91 

109 

100 

(FC  502/2  X  SP 

58119**1) 

88 

X  " 

80 

88 

*  HO  2 

101 

116 

109 

SP  *02039#! 

88 

X  " 

88 

88 

■  HO? 

10* 

91 

*8 

(rc  502/2  x  rc 

503) 

*8 

X  " 

59B18— 0 

88 

6*1202H01 

9* 

100 

n* 

87 

87 

101 

(FC  502/2  X  SP 

5*U9*sl) 

8* 

X  " 

88 

88 

**1202H02 

91 

109 

13* 

92 

100 

113 

(FC  502/2  X  FC 

50*) 

81 

X  " 

8? 

88 

"  H03 

99 

118 

127 

111 

109 

119 

(SP  58119**1  X 

FC  50*) 

81 

X  " 

88 

88 

"  HO* 

97 

117 

106 

106 

10? 

106 

SP  *020*2*1 

8* 

X  " 

88 

88 

"  H09 

91 

106 

99 

SP  602009*1 

SI 

X  " 

88 

88 

"  HOI* 

100 

97 

99 

FC  505  (SP  602063s 1) 

8* 

X  " 

81 

88 

»  HOI  5 

105 

11* 

110 

(FC  502/2  X  FC 

503) 

n 

X  " 

6211*0-00 

88 

•*1203H01 

65 

95 

80 

(FC  502/2  X  SP 

58119*sl) 

81 

X  " 

88 

88 

"  H02 

•* 

105 

95 

(FC  502/2  X  FC 

50*) 

88 

X  " 

m 

88 

■  H03 

•  5 

105 

95 

(SP  58119**1  X 

FC  50*) 

88 

X  " 

88 

88 

"  HO* 

*2 

101 

92 

(FC  502/2  X  FC 

503) 

88 

X  FC 

901 

88 

t*120*H01 

103 

18 

96 

(PC  502/2  X  SP 

S8119*al) 

81 

X  ■ 

88 

88 

"  H02 

102 

93 

96 

95 

110 

107 

98 

109 

(FC  502/2  X  rc 

50*) 

81 

X  " 

88 

88 

«  H03 

116 

98 

107 

(SP  58119**1  X 

FC  50*) 

81 

X  " 

88 

88 

"  HO* 

10* 

105 

83 

103 

121 

99 

100 

110 

FC  502/2 

88 

X  " 

88 

« 

"  H05 

99 

SP  602039S1 

88 

X  " 

88 

88 

"  H07 

102 

93 

81 

95 

95 

SP  60200 9el 

88 

X  ■ 

88 

88 

"  H01* 

90 

103 

88 

97 

9* 

FC  50* 

•8 

x  • 

91 

IS 

"  H01 9 

106 

66 

100 

103 

101 

(FC  502/2  X  FC 

503) 

88 

X  S -62-16  (*n) 

88 

**120SH01 

77 

95 

96 

99 

98 

101 

91 

100 

(FC  502/2  X  SP 

5811 9*sl ) 

88 

X 

88  88 

88 

"  H02 

100 

(FC  502/2  X  FC 

50*) 

88 

X 

88  88 

88 

"  H03 

90 

105 

92 

111 

100 

(FC  502/2  X  FC 

503) 

88 

X  S-63  pool  (*n)" 

6*120*K01 

90 

10* 

92 

102 

97 

Local  check  1 

12  89 

9* 

9* 

125 

92 

87 

73 

10* 

92 

80 

Local  check  2 

77 

110 

101 

106 

LSD  (.OS)^ 

15  15 

22 

2* 

25 

11 

Variety  no.  of 

local  check 

1 

Aau  2 i As.  2iAe.  2iAa.  2iAs.  3StHH  lOi 

SP  ! 

SP 

Nono. :  Mono. 

iMono. 

i Mono. i Mono. 

:  i 5*22-0i 5822-0 

Variety  no.  of 

local  check 

2 

HH  12: 

US  H6| 

US  H6 

—  In  conputing  the  indicated  averages,  locatlooa  2  and  3  ware  oenbined  and  coealdared  as  a  single  location. 

—  Disease  eapoaure  considered  sufficient  to  affect  harvest  results  appreciably!  LS  ■  Cercospora  leaf  spot;  CT  ■  curly 

top;  Rh  ■  Rhisoctonia  root  rot..  Eatinated, *everity  of  disease  eapoaure  (editor's  opinion) «  1  ■  nild;  2  *  eodarate;  3  •  severe. 

e/ 

—  LSD  (.05)  expressed  as  percent  of  the  gross  sucrose  yield  of  the  standard  variety. 
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Table 


U  . — Summary  of  harvest  ns.ult.  of  coopts  tor.'  ar««ic  evaluation  test.  of  experi~nt.l  hybrid..  1965;  a.  p.rcnt 
of  th.  standard  variety,  SL  (129  X  133)  MS  X  SP  5*22-0. 


Hoot  Tl.ld 


X 

X 

Location 

X 

: — - 

t  l-a  t  1-b 

t  2 

:  3 

X 

4 

:  5  : 

6 

:  7 

a/ 

xAv. :Av,— 

:  Ave. 

Description 

X 

Seed  no. 

iR.F.  tR.F. 
tColo. tColo. 

x John* 
x  K*  > 

:G.C. 

;Kan, 

t 

X 

M.C. 

Ia. 

tHerf . : 
:  Tex.: 

Wes. 

Tex. 

:Prog. 
:  Tex. 

:l-a:l-b,2» 
:i  4:3  t  5 

:6  i 
i  7 

X 

X  X 

X 

X 

X 

2  2 

:4/12 

X  X 

! 

Disease 

E7 

exposure— 

LS-1  lLS-1 

X 

X 

t 

LS-l 

:  LS-3 : 

LS-2 

:  LS-1 

X  X 

: 

Rh-1  ;Rh-l 

X 

X 

t 

Rh-1 

:  CT-3: 

! 

:  x 

• 

Mo. 

of  r 

.plications 

9  i  12 

t  3 

■  3 

} 

9 

J-l- 1 

4 

X  4 

:  : 

X 

(FC  502/2  X  FC 

503) 

NS 

X 

SP 

5*22-0 

SP 

641201H01 

•8 

107 

98 

(FC  502/2  X  SP 

581194.1) 

H 

X 

ft 

ft 

It 

"  H02 

96 

108 

102 

SP  602039*1 

tt 

X 

tt 

tt 

It 

"  H07 

106 

92 

99 

(FC  502/2  X  FC 

503) 

H 

X 

tt 

59B18-0 

tt 

641202H01 

88 

100 

123 

85 

94 

104 

(FC  502/2  X  SP 

581194*1) 

tt 

X 

tt 

tt 

It 

"  H02 

87 

109 

144 

90 

98 

117 

(FC  502/2  X  FC 

504) 

tt 

X 

tt 

tt 

tt 

"  H03 

96 

115 

132 

105 

106 

119 

(SP  581194.1  X 

FC  504) 

tt 

X 

tt 

tt 

tt 

"  H04 

92 

111 

117 

96 

102 

107 

SP  602082*1 

H 

X 

tt 

tt 

It 

"  H09 

86 

106 

96 

SP  602009s! 

N 

X 

tt 

It 

tt 

"  H014 

93 

97 

95 

FC  505  (SP  602063*1) 

n 

X 

t* 

tt 

tt 

"  H015 

98 

112 

105 

(FC  502/2  X  FC 

503) 

19 

X 

tt 

621160-00 

It 

641203H01 

63 

94 

79 

(FC  502/2  X  SP 

581194sl) 

N 

X 

tt 

tt 

tt 

"  H02 

79 

105 

92 

(FC  502/2  X  FC 

504) 

N 

X 

tt 

tt 

tt 

"  H03 

81 

102 

92 

(SP  581194al  X 

FC  504) 

tt 

X 

tt 

tt 

tt 

"  H04 

80 

102 

91 

(FC  502/2  X  FC 

503) 

>1 

X 

FC 

901 

tt 

641204H01 

108 

82 

95 

(FC  502/2  X  SP 

581194sl) 

»» 

X 

tt 

tt 

tt 

"  H02 

100 

as 

07 

94 

108 

95 

94 

102 

(FC  502/2  X  FC 

504) 

M 

X 

tt 

It 

tt 

"  H03 

122 

103 

113 

(SP  581194*1  X 

FC  504) 

M 

X 

tt 

tt 

tt 

"  H04 

104 

106 

78 

103 

124 

94 

100 

109 

FC  502/2 

tt 

X 

tt 

tt 

tt 

"  H05 

97 

SP  602039S1 

tt 

X 

tl 

ft 

tt 

"  H07 

104 

97 

78 

100 

97 

SP  602009sl 

ft 

X 

tt 

tt 

tt 

"  H014 

87 

95 

77 

97 

90 

FC  504 

ft 

X 

t* 

tt 

tt 

"  H019 

108 

94 

99 

104 

103 

(FC  502/2  X  FC 

503) 

ft 

X 

s- 

62-16  (4n) 

tt 

641205H01 

82 

98 

95 

100 

104 

102 

93 

103 

(FC  502/2  X  SP 

581194*1) 

" 

X 

tt  tt 

tt 

"  H02 

96 

(FC  502/2  X  FC 

504) 

It 

X 

tt  tt 

tt 

"  H03 

98 

109 

89 

112 

103 

(FC  502/2  X  FC 

503) 

P» 

X 

s- 

63  pool  (4n)" 

641206H01 

92 

108 

91 

101 

98 

Local  check  1 

81  87 

92 

87 

129 

96 

104 

83 

105  91 

94 

Local  check  2 

79 

122 

102 

112 

LSD  ( .  05  )£■ 

14  15 

21 

26 

23 

10 

28 

18 

Variety  no.  of 

local  check 

1 

Am.  2: An. 

2:Am. 

:Aa« 

2 ; An.  3*;HH  10: 

SP 

:  SP 

Mono. : Mono 

;  Mono 

:Mono 

. : Mono . 

X  X 

5822- 

0:5*22- 

0 

Variety  no.  of 

local  check 

2 

:HH  12: 

US  H6:  US  H6 

a/ 

b/ 

top;  RH 
c/ 


In  computing  th*  indicated  averages,  locations  2  and  3  were  combined  and  eonsidered  as  a  single  location. 

Disease  exposure  considered  sufficient  to  affect  harvest  result*  appreciably;  LS  *  Cercospora  leaf  spot;  CT  *  curly 
-  Rhizoctonia  root  rot.  Estimated  severity  of  disease  exposure  (editor's  opinion):  1  *  mild;  2  «  moderate;  3  *  severe. 

LSD  (.05)  expressed  as  percent  of  th*tv»t  yield  of  th*  standard  variety. 


191 


Table  13  .—Sumary  of  harvest  results  of  comparators'  agronomic  evaluation  taata  of  experimental  hybrida,  1965;  aa  parcaut 
of  tha  standard  variety,  SL  (129  X  133)  MS  X  SP  5822-0. 

Sucroaa  Percentage 


s 

Locat  ion 

t 

1-a 

:  1-b  :  2  :  3 

4 

:  5 

6 

7 

:Av. : 

AV.— 

:Av. 

Description 

:  Seed  no. 

R.F. 

:R.F.  :John.:G.C. 

M.C. 

:Herf . 

Was. 

Prog. 

:l-a: 

1-b, 2, 

:6  6 

: 

Colo. 

: Colo . :  Kan.:Kan. 

Ia. 

:  Tex  a 

Tex. 

Tex. 

:t  4: 

3  6  5 

:  7 

: 

:  :  : 

: 

5/5 

:  : 

: 

Disease 

exposure^ :  LS-1 

: LS-1  : 

LS-1 

:  LS-3 

LS-2 

LS-1 

:  : 

: 

sRh-1 

:Rh-l  :  : 

Rh-1 

:  CT-3 

:  : 

: 

No.  of  r< 

tplications 

9 

:  12  :  3  :  3 

9 

:  9 

4 

4 

i  : 

: 

(FC  502/2  X  FC  503) 

MS 

X  SP 

5822-0 

SP 

641201HO1 

104 

102 

103 

(FC  502/2  X  SP  581194sl) 

* 

X 

M 

It 

"  H02 

106 

107 

107 

SP  602039sl 

n 

X 

N 

N 

"  H07 

99 

98 

99 

(FC  502/2  X  FC  503) 

it 

X  " 

59B18-0 

It 

641202H01 

107 

100 

93 

109 

104 

101 

(FC  502/2  X  SP  581194sl) 

it 

X  " 

It 

M 

"  H02 

105 

101 

93 

104 

103 

99 

(FC  502/2  X  FC  504) 

•t 

X  " 

It 

tt 

"  H03 

103 

103 

96 

103 

103 

100 

(SP  S81194sl  X  FC  504) 

•t 

X  " 

It 

M 

"  H04 

106 

105 

90 

109 

106 

100 

SP  602082sl 

•t 

X  " 

H 

tt 

"  H09 

106 

100 

103 

SP  602009S1 

it 

X  " 

It 

It 

"  H014 

108 

100 

104 

FC  505  (SP  602063s!) 

it 

X  " 

It 

It 

"  H01 5 

108 

102 

105 

(FC  502/2  X  FC  503) 

M 

X  " 

621160-00 

tt 

641203H01 

104 

101 

103 

(FC  502/2  X  SP  581194s!) 

It 

X  " 

It 

tt 

"  H02 

106 

99 

103 

(FC  502/2  X  FC  504) 

It 

X  " 

It 

tt 

"  H03 

105 

103 

104 

(SP  58119481  X  FC  504) 

II 

X  " 

It 

tt 

"  H04 

102 

99 

101 

(FC  502/2  X  FC  503) 

It 

X  FC 

901 

tt 

641204H01 

S6 

107 

102 

(FC  502/2  X  SP  581194sl) 

It 

X  " 

1* 

tt 

"  H02 

102  106  113 

102 

103 

112 

105 

108 

(FC  502/2  X  FC  504) 

It 

X  " 

It 

It 

"  H03 

96 

104 

100 

(SP  581194sl  X  FC  504) 

It 

X  " 

It 

tt 

"  H04 

100  99  107 

100 

98 

107 

101 

103 

FC  502/2 

It 

X  " 

II 

tt 

"  H05 

102 

SP  602039sl 

It 

X  " 
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"  H07 

98  96  104 
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97 

SP  602009al 

II 
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It 
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"  H014 

104  108  113 

100 

105 

FC  504 

It 

X  " 

It 

•1 

"  H01 9 

99  94  100 

99 

98 

(FC  502/2  X  FC  503) 

It 

X  S- 

62-16  (4n) 

It 

641205H01 

94  96  101 

99 

94 

101 

97 

98 

(FC  502/2  X  SP  5811 94sl) 

II 

X 

It  It 

It 

"  H02 

102 

(FC  502/2  X  FC  504) 

•t 

X 

tt  It 

tl 

"  H03 

92  96  103 

99 

97 

(FC  502/2  X  FC  503) 

H 

X  s- 

63  pool  (4n)" 

641206H01 

98  97  101 

101 

99 

Local  check  1 

101 

102  102  109 

97 

96 

84 

94 

99 

101 

89 

Local  check  2 

97 

90 

95 

93 

LSD  (.05)-7 

3 

3  7  6 

8 

3 

11 

6 

Variety  no.  of  local  check 

1 

Am.  4 

:An.  2:An.  2:Am.  2 

Am.  3S 

:HH  10 

:  SP 

SP 

Mono. 

:Mono. :Mono. :Mono. 

Mono. 

: 

5822-0:  5822 

-0 

Variety  no.  of  local  check 

2 

HH  12 

:  US  H6 

US 

H6 

—  In  computing  tha  indicatad  averages,  locations  2  and  3  war*  coabinad  and  considarad  as  a  single  location. 

—  Disease  exposure  considarad  sufficient  to  affect  harvest  results  appreciably:  LS  *  Cercospora  leaf  spot;  CT  *  curly 
top;  RH  *  Rhizoctonia  root  rot.  Estimated  severity  of  disease  exposure  (editor's  opinion):  1  *  aild;  2  *  moderate;  3  =  savers. 

c  /  *  s 

—  LSD  (.05)  axpressed  as  percent  of  tha  sucroaa  percentage  of  the  standard  variety. 
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Agronomic  Evaluation  of  LSR-CTR 
Monogerm,  Type-0.  Inbred  Lines 

Several  monogerm,  type-0  or  near  type-0,  inbred  lines,  thought  to  possess 
some  resistance  to  both  leaf  spot  and  curly  top,  were  evaluated  in  the 
leaf  spot  field  at  Fort  Collins  and  under  curly  top  conditions  at  Thatcher, 
Utah,  The  latter  work  was  conducted  by  A,  M,  Murphy,  U.  S.  Department  of 
Agriculture,  Logan,  Utah,  and  is  described  briefly  in  the  tables  of  results. 

The  tests  at  Fort  Collins  were  of  two  types.  In  one  of  these  (Experiment 
5A) ,  the  inbred  lines  themselves  were  compared  with  check  material  using 
a  modified  randomized-block  design  with  3  replications.  Plots  were  4 
rows  wide  and  20  feet  long,  and  the  2  inner  rows  were  harvested  for  yield 
and  sucrose  determinations.  Yield  data  for  the  inbred  lines  are  con¬ 
sidered  to  have  relatively  little  value,  but  sucrose  percentages  may  be 
important  as  an  indication  of  their  potential  value. 

The  other  Fort  Collins  test  (Experiment  10A) ,  was  designed  to  appraise 
the  general  combining  ability  of  the  lines  by  using  the  LSR-CTR  variety, 

FC  901,  as  a  common  parent.  Since  fairly  representative  male-sterile 
equivalents  of  the  inbreds  were  not  available,  hybridizations  had  been 
made  using  aa  (i.e.  Mendelian  male  sterile)  segregants  in  FC  901  as  the 
female  parent  in  each  of  a  series  of  matings  with  the  inbred  lines. 

The  resulting  hybrids  (seed  harvested  in  the  greenhouse  in  the  spring  of 
1965)  were  compared  with  check  material  in  Experiment  10A  using  a  ran¬ 
domized-block  design,  1-row  x  20-ft.  plots,  and  9  replications.  The 
test  was  planted  rather  late. 

The  results  of  Experiments  5A  and  10A  at  Fort  Collins  are  presented  in 
Tables  14  and  15,  respectively,  together  with  the  curly  top  resistance 
data  from  Thatcher,  Utah.  Considering  the  leaf  spot,  curly  top,  and 
sucrose  percentage  data  shown  for  the  inbreds  themselves  (Table  14) , 
three  lines  appear  promising,  namely  FC  601,  SP  632028s i,  and  SP  632090slcl, 
though  the  low  sucrose  percentage  for  the  last  of  these  three  places  it 
in  doubt.  The  results  for  the  hybrids  (Table  15)  are  very  encouraging 
in  that  each  of  the  hybrids  involving  FC  601  and  SP  632028s 1  was  (a)  ap¬ 
proximately  equivalent  to  FC  (502/2  x  504)  CMS?  x  FC  901  in  yields  of 
roots  and  gross  sucrose  and  in  sucrose  percentage  at  Fort  Collins,  in 
the  absence  of  curly  top;  (b)  at  least  as  high  in  leaf  spot  resistance  as 
the  latter  hybrid;  and  (c)  about  equal  to  US  41  in  curly  top  resistance. 

In  making  comparisons  with  FC  (502/2  x  504)  CMS?  x  FC  901  in  Experiment 
10A ,  it  should  be  noted” that  this  hybrid  showed  moderate  resistance  to 
leaf  spot  and  surpassed  the  standard  variety,  SL  (129  x  133)  CMS  x 
SP  5822-0,  by  highly  significant  amounts  in  yield  of  roots  and  gross 
sucrose  and  in  sucrose  percentage.  It  is  noteworthy  that,  in  line  with 
its  performance  as  an  inbred  (in  Experiment  5A) ,  the  hybrid  of  SP 
632090slcl  (in  Experiment  10A)  was  low  in  sucrose  percentage  relative  to 
the  hybrids  of  FC  601  and  SP  632028sl.  Evaluation  of  the  type-0  character 
in  the  latter  2  lines  has  riot  yet  been  completed,  but  at  this  point  each 
line  appears  to  be  either  completely  type-0  or  nearly  so. 
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Th«  preceding  generation  (SP  6311? OHO),  evaluated  under  leaf  apot  conditions  in  196M,  was  found  to  have  excellent  leaf  spot 
resistance  and  acceptable  sucrose  percentage,  root  size,  and  foliage  vigor. 


Table  15  . — Evaluation  of  experimental  LSR-CTR  hybrids  at  Fort  Collins,  Colorado,  and  Thatcher,  Utah,  1965 
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Observational  Evaluation  of  LSR-CTR 
Monogerm,  Type-0,  Inbred  Lines 

An  essential  step  in  the  development  of  LSR-CTR,  monogerm,  type-0,  inbred 
lines  is  the  observational  evaluation  of  resistance  to  leaf  spot  and 
curly  top  using  seed  obtained  directly  from  selfing  by  means  of  paper 
bags.  Thirty  three  such  seed  lots,  obtained  in  1964,  were  shared  with 
C.  L,  Schneider,  U,  S,  Department  of  Agriculture,  Logan,  Utah,  for  curly 
top  resistance  determinations  in  the  greenhouse.  Seed  of  each  of  those 
lines  also  was  planted  in  field  plots  at  Fort  Collins  under  severe  leaf 
spot  exposure.  Essential  details  of  the  techniques  employed  at  the  two 
locations  are  given  in  the  table  of  results  (Table  16), 

The  use  of  the  backcross  method  to  produce  some  of  the  source  material 
(SP  611100-0  and  SP  611101-0),  designated  in  Table  16,  is  described  on 
page  187  of  the  1963  progress  report  on  this  project  (2),  Other  source 
material  is  described  in  Table  16, 

The  high  resistance  to  both  leaf  spot  and  curly  top,  shown  for  3  of  the 
4  sub-lines  of  the  type-0  line,  FC  601  (entries  328-334),  is  of  special 
interest.  In  addition  to  those  numbers,  11  lines,  tentatively  classed 
as  type-0  or  near-type-0,  were  at  least  equal  to  SP  5481-0  in  leaf  spot 
resistance  and  to  US  41  in  curly  top  resistance. 

It  should  be  noted  that  the  4  S^  lines  obtained  directly  from  SP  611227- (001) 
were  given  average  curly  top  grades  ranging  from  108  to  123,  In  contrast 
with  those  lines,  one  of  the  7  S-^  lines  obtained  from  SP  631103-0  was 
given  an  average  grade  of  104  and  the  other  6  ranged  from  88  to  98. 

SP  611227- (001)  presumably  is  segregating  for  curly  top  resistance,  and 
it  appears  that  the  curly  top  resistance  selection  work  performed  in 
that  material,  while  in  the  seedling  stage,  by  C,  W.  Bennett,  giving 
rise  to  SP  631103-0,  may  have  improved  the  general  level  of  resistance 
of  the  material. 
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Tibia 


Description 
and/or  boutos 


ply  toy  reelataao*  of 

Utah.  196l« 


typo-0  and  aoar-typ#  0,  iabred  llaoo  of 

’J&2. 


i  Stnla  no. 
t  (oeed  bo.) 


ijest  sr  i*wi  5‘  :*-«  ;ijg  — 

,  |  t  i  nc,  inlets iTT^S  9/H  6/9-lQi  ao.  iplaet*  »  top 


SP  611100-0 


a 

a 

a 

a 

a 


SP  622027s! 
a  a 


SP  6*2009*1  2  * 

SP  6*2010*1  2  * 

SP  622076*1  SP  6*2027*1  2  5 

SP  622106*1  SP  6*2067*1  2  5 

SP  622197*1  SP  6*209**1  2  5 

«  »  SP  6*2101*1  2  6 

»  "  SP  6*2107*1  2  5 

SP  622112*1  8P  6*2063*1  2  * 


96/0  301 

92/0  303 

96/0  307 

96/6  311 

90/0  317 

95/0  319 

90/0  321 

95/0  322 


1 

2 

2 

2 

1 

2 

1 

2 


0.5 

1.9 

1.9 

2.9 

1.0 

1.0 

3.0 

2.3 


0.5 

1.8 

2.5 

3.5 

2.0 

1.0 

*.0 

3.0 


5.0 

5.0 

6.0 

6.5 

5.0 

5.0 

5.0 

5.0 


65-1 

65-2 

65-* 

65-5 

65-6 

65-7 

65-8 

65-9 


18 

20 

20 

19 

17 

20 

19 

17 


110 

10* 

75 

102 

133 

112 

112 

81 


89 

89 

99 

SP 

642064*1 

2 

5 

89 

99 

99 

SP 

642072*1 

2 

5 

SP 

611101-0 

SP 

622071sl-/ 

SP 

642032*1 

2 

6 

w 

99 

89 

SP 

642050*1 

2 

5 

88 

89 

19 

SP 

642056*1 

2 

4 

M 

89 

89 

SP 

642065*1 

2 

3 

89 

SP 

622076«1 

SP 

6*2102*1 

2 

4 

89 

SP 

62210191 

SP 

6*20*8*1 

2 

5 

88 

89 

19 

SP 

9*2090*1 

2 

6 

SP 

611100-0 

SP 

631101 -0A 

SP 

642044*1 

1 

6 

88 

98 

N 

SP 

642054sl 

1 

6 

88  - 

99 

19 

SP 

642082*1 

1 

6 

99 

99 

99 

SP 

642089*1 

1 

6 

99 

99 

89 

SP 

642093slcl 

1 

3 

LSR-CTR  pool- 

SP 

611227-(001)" 

642017*1 

1 

5 

89 

89  89 

91 

99 

SP 

642028*1 

1 

6 

19 

88  89 

99 

99 

SP 

642052*1 

1 

6 

89 

88  89 

99 

99 

J  / 

SP 

642077*1 

1 

6 

SP 

611227-(001) 

SP 

631103-01' 

SP 

642004*1 

1 

S 

89 

89 

99 

99 

SP 

642033*1 

1 

5 

89 

89 

99 

99 

SP 

642047*1 

1 

6 

89 

88 

99 

19 

SP 

642079sl 

1 

6 

89 

89 

N 

99 

SP 

642085*1 

1 

6 

89 

89 

99 

19 

SP 

642096sl 

1 

6 

89 

89 

89 

*9 

SP 

642097*1 

1 

6 

SP 

5481-0 

Acc.  2483 

SP 

6051-0 

SP 

63121CMO 

100/0 

324 

2 

1.6 

2.5 

5.0 

65-10 

16 

117 

95/0 

326 

2 

1.5 

2.3 

4.5 

65-11 

17 

106 

100/0 

328 

1 

1.5 

1.5 

6.0 

65-12 

17 

69 

100/0 

330 

1 

2.0 

3.0 

5.0 

65-13 

IS 

100 

100/0 

332 

2 

1.6 

1.6 

5.5 

65-14 

17 

80 

100/0 

334 

2 

1.3 

2.3 

5.0 

65-15 

19 

93 

95/0 

340 

2 

4.0 

4.0 

5.5 

65-16 

19 

106 

100/0 

342 

1 

1.5 

2.0 

6.0 

65-17 

20 

100 

100/0 

344 

1 

1.5 

2.0 

5.0 

65-18 

18 

104 

96/0 

353 

1 

1.5 

3.0 

5.0 

65-20 

20 

131 

92/0 

357 

2 

1.0 

2.0 

6.5 

65-21 

19 

92 

100/0 

361 

2 

1.0 

1.0 

6.5 

65-22 

16 

90 

92/0 

363 

2 

1.8 

2.0 

6.5 

65-23 

IS 

98 

88/0 

367 

1 

2.0 

2.5 

7.0 

65-24 

16 

96 

88/0 

369 

2 

2.5 

3.3 

5.0 

65-25 

20 

110 

100/0 

371 

2 

2.5 

4.0 

6.0 

65-26 

19 

123 

96/0 

375 

2 

6.0 

5.0 

5.0 

65-27 

20 

108 

100/0 

377 

2 

1.0 

1.5 

6.0 

65-26 

9 

UO 

91/0 

379 

2 

3.5 

4.5 

6.0 

65-29 

12 

68 

100/0 

384 

2 

2.5 

2.5 

6.0 

65-31 

10 

10* 

92/0 

390 

2 

1.8 

1.8 

5.5 

65-32 

12 

90 

91/0 

392 

2 

2.0 

2.3 

6.5 

65-33 

10 

98 

96/0 

395 

2 

3.3 

3.5 

5.0 

65-34 

6 

96 

100/0 

398 

2 

2.0 

2.0 

5.5 

65-35 

11 

96 

96/4 

400 

2 

2.5 

2.5 

6.5 

65-36 

9 

96 

404 

9 

2.4 

3.1 

6.9 

65-42 

IS 

1*2 

65-43 

16 

102 

—  Quantity  of  poll*n  *h*d  by  th*  individual  plant  that  was  **lf*d  to  produc*  th*  indicated  ***d  no.  Basis  of 
grad** :  1-7  in  ascending  ordor  of  abundano*  (ordinary.  open-pollinatsd ,  coaamrcisl  variety  usually  rated  6  or  7). 

— '  Pertain*  to  th*  indexing  population  (at  least  20  plants);  left  nunber  is  percentage  classed  a*  wale  sterile; 
right  nuaber  is  percentage  classed  a*  male  fertile;  percentage  unaccounted  for,  if  any,  represent*  intermediate  '/pe* . 

c/ 

—  Field  plot*  on  Hospital  Farm,  Ft.  Collins,  Colo.;  inoculation  and  frequent  sprinkling  used  to  promt*  leaf 
spot  devslopsMnt ;  plot*  1  row  x  20',  flanked  uniformly  by  rows  of  a  leaf  spot  susceptible  strain. 

—  Curly  top  resistance  evaluation  by  C.  L.  Schneider,  Logan,  Utah,  using  greenhouse  seedling  technique  with 
Schneider's  culture  ALA  of  the  curly  top  virus,  20  plants  for  each  code  no.,  and  2  caged  leafhoppers  per  plant. 

—  Leaf  spot  grades  (J.  A.  Elder):  0  *  no  leaf  spot;  10  ■  complete  defoliation. 

—  Foliage  vigor  (J.  A.  Elder):  Larger  no.  *  greater  vigor. 


Curly  top  severity  (C.  L.  Schneider).  Th*  plants  were  classified  individually  on  a  scale  of  0  -  9  (0  ■  no 
symptoms,  9  ■  dead).  Plants  without  curly  top  symptom*  were  disregarded.  Results  for  plants  with  curly  top  oymptoms 
were  averaged  by  strains,  and  th*  averages  were  converted  to  percent  of  US  *1.  Thus,  values  less  than  100  (shown 
above)  indicate  less  curly  top  injury  than  in  US  41,  and  values  greater  than  100  indicate  aor*  curly  top  injury  than 
in  US  41. 


-  An  LSR-CTR  pool  without  US  201  blood. 

^  Seed  produced  at  Ft.  Collin* ,  using  plants  selected  for  curly  top  resistance,  while  in  the  early  seedling 
stage,  by  C.  W.  Bennett,  Salinas,  California. 
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Cooperative  Evaluation  Tests  of  LSR-CTR  Varieties 

Seed  supplies  of  entries  1  through  7,  as  listed  in  Table  17,  were  as¬ 
sembled  at  Fort  Collins  and  distributed  to  cooperators  who  conducted  and 
reported  results  for  the  evaluation  tests  listed  below.  Agronomic  tests 
at  two  other  locations  were  abandoned  because  of  flood  damage,  poor  stand, 
or  other  misfortunes. 


State: 

Locality  : 

a/ 

Typer- 

:  Agency  conducting  test 

:  Table 

Calif. 

Hamilton  City 

A 

Holly  Sugar  Corp. 

22(a),  22(b) 

ft 

N.  Tracy 

A 

ft  It  ft 

21(a),  21(b) 

Colo . 

Fort  Collins 

A 

U.  S.  Dept,  of  Agr. 

23(a),  23(b) 

ft 

Rocky  Ford 

A 

Amer.  Crystal  Sug.  Co. 

24(a),  24(b) 

Iowa 

Mason  City 

A 

ft  It  ft  tf 

32(a),  32(b) 

Kan. 

Garden  City 

A 

tt  ft  It  It 

26(a) ,  26(b) 

ft 

Johnson 

A 

ft  ft  ft  ft 

27(a),  27(b) 

ft 

Tribune 

A 

Kan.  Agr.  Exp.  Station  & 
National  Sugar  Mfg.  Co. 

25(a),  25(b) 

Md. 

Beltsville 

A 

U.  S.  Dept,  of  Agr. 

33 

Minn. 

Moorhead 

A 

Amer.  Crystal  Sug.  Co. 

31(a),  31(b) 

N.  M. 

Artesia 

A 

N.  M.  Agr.  Exp.  Station 

30(a),  30(b)b/ 

Okla. 

Goodwell 

A 

Okla.  "  "  " 

28(a),  28(b) 

Texas 

Hereford 

A 

Holly  Sugar  Corp. 

29(a),  29(b) 

Utah 

Logan 

0 

U.  S.  Dept,  of  Agr. 

34 

ft 

Thatcher 

0 

ft  ft  tf  It  tt 

34 

a/  Type  of  test:  A  =  agronomic;  0  =  observational. 


b/  Also  see  Figure  1. 

Results  for  the  individual  tests  are  shown  in  the  tables  and  figure  listed 
above,  and  a  general  summary  of  agronomic  data  is  presented  in  Tables  18, 

19,  and  20  together  with  estimates  of  disease  exposure.  Because  of  the 
wide  range  in  the  severity  of  leaf  spot  and  curly  top  exposures  at  the 
various  locations,  average  performance  figures  for  the  LSR  check  (SP  5822-0) 
and  the  CTR  check  (US  H6)  mean  little.  Examination  of  the  averages  for 
certain  other  entries  reveals  the  following  important  trends  or  relation¬ 
ships: 

1.  With  SL(129  x  133)  MS  serving  as  the  female,  SP  6322-0  was 
substantially  superior  to  SP  5822-0  for  use  as  the  pollinator. 

The  average  gross  sucrose  yield  for  entry  no.  3  [  SL  (129  x  133) 

MS  x  SP  6322-0]  was  107.0%  of  that  of  entry  no.  1  [SL  (129  x  133) 

MS  x  SP  5822-0],  and  there  was  essentially  no  difference  in 
average  sucrose  percentage. 

2.  The  outstanding  hybrid  in  the  entire  series,  in  yield  of  gross 
sucrose,  was  entry  no.  5  [  FC  (502/2  x  504)  MS  x  FC  901],  and 
its  average  sucrose  percentage  was  relatively  high.  The  average 
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gross  sucrose  yield  and  sucrose  percentage  for  entry  5  were 
108.4  and  102.5  percent  of  the  corresponding  averages  for  the 
standard  variety,  entry  no.  1.  Entry  no.  3,  described  above, 
was  the  only  close  competitor  of  no.  5  in  gross  sucrose  yield, 
and  it  was  no  better  than  the  standard  variety  in  sucrose 
percentage.  Thus  it  was  concluded  that,  under  the  array  of 
conditions  represented  by  these  tests,  FC  (502/2  x  504)  MS  x 
FC  901  (entry  5)  was  substantially  superior  to  all  other  entries, 
1  through  4,  in  the  combination  of  abilities  to  produce  high 
gross  sucrose  yield  with  high  sucrose  percentage. 

3.  In  order  to  put  the  above  comparisons  in  proper  perspective, 
it  should  be  noted  that  the  average  gross  sucrose  yield  and 
average  sucrose  percentage  for  entry  no*  8  (local  check) , 
expressed  as  percent  of  the  corresponding  averages  for  entry 
no.  1  (standard  variety),  were  103.2  and  100.1,  respectively. 
Furthermore,  it  should  be  recalled  (a)  that  the  current 
standard  variety,  SL  (129  x  133)  MS  x  SP  5822-0,  exceeded 
SL  126  MS  x  SP  5460-0,  in  the  1964  cooperative  test  series, 
by  an  average  of  about  3%  in  gross  sucrose  yield  (3) ;  and  (b) 
that  the  latter  hybrid  exceeded  SL  122  MS  x  SP  5460-0  by  117. 
in  gross  sucrose  yield  in  both  the  1962  and  1963  cooperative 
test  series  (1,  2). 

As  shown  in  Tables  23(b)  ,  33,  and20-A,  entries  1  through  5  were  roughly 
intermediate,  between  resistant  and  susceptible  checks,  in  levels  of 
resistance  to  both  leaf  spot  and  curly  top.  Specifically,  entry  5  was 
about  the  same  as  entry  1  in  curly  top  resistance  and  measurably  better 
in  leaf  spot  resistance. 

Literature  Cited 


(1)  Gaskill,  John  0.,  et  al.  Development  and  evaluation  of  sugarbeet 
breeding  material  and  varieties  carrying  resistance  to  leaf  spot 
and  curly  top,  1962.  Sugarbeet  Research,  1962  Report  (CR-4-63, 
Crops  Research  Division,  Agricultural  Research  Service,  U.  S.  Dept, 
of  Agriculture):  139-160. 

(2)  Same  as  above,  but  for  1963.  Sugarbeet  Research,  1963  Report 

(CR-4-64) :  179-210. 

(3)  Same  as  above,  but  for  1964.  Sugarbeet  Research,  1964  Report. 

Forty  one  pages  (in  press). 
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Table  17  .—Description  of  material  in  cooperative  agronomic  evaluation 
teets  of  LSR-CTR  varieties,  1965. 


Entry: Ft.  Collins 
no.  :  seed  no. 


a/ 


Description  and  supplier—' 


2 

3 

4 

5 

6 


8 

9 


Acc.  2634 

Acc.  2635 
Acc.  2636 
SP  641204H01 
SP  641204H03 
Acc.  2623 


Acc.  2633 


SL  (129  X  133)  MS  X  SP  5822-0;  monogerm;  LSR-CTR; 
Farmers  6  Manufacturers  Beet  Sugar  Assoc,  and  West 
Coast  Beet  Seed  Co.  (WC  lot  4475). 

CT  5  MS  X  SP  5822-0;  monogerm;  LSR-CTR;  F.  6  M.  and 
West  Coast  Beet  Seed  Co.  (WC  lot  4494). 

SL  (129  X  133)  MS  X  SP  6322-0;  monogerm;  LSR-CTR; 

F.  6  M.  and  West  Coast  Beet  Seed  Co.  (WC  lot  4567). 

FC  (502/2  X  503)  MS  X  FC  901;  monogerm;  LSR-CTR; 
Sugarbeet  Investigations,  Fort  Collins,  Colo. 

FC  (502/2  X  504)  MS  X  FC  901;  monogerm;  LSR-CTR; 
Sugarbeet  Investigations,  Fort  Collins,  Colo. 

SP  5822-0;  a  multigerm,  U.S.D.A.  variety,  resistant 
to  leaf  spot  and  black  root,  developed  for  use  in 
eastern  sugarbeet  areas;  included  in  these  coopera¬ 
tive  tests  as  an  LSR  check;  seed  furnished  by  G.  E. 
Coe,  U.S.D.A.,  Beltsville,  Md. 

US  H6;  a  multigerm,  U.S.D.A.  variety,  resistant  to 
curly  top  and  bolting,  developed  for  use  in  Cali¬ 
fornia;  included  in  these  tests  as  a  CTR  check;  seed 
furnished  by  J.  S.  McFarlane,  U.S.D.A.,  Salinas, 
Calif. 

Local  check;  furnished  by  cooperator. 

Local  check;  furnished  by  cooperator  (occasional). 


— ^  The  parental  lines  listed  were  developed  by  various  U.S.D,A, 


Line  : 

• 

• 

Seed  : 

Resistant  to 

type  : 

Curly  top 

:  Leaf  spot  : 

Black  root 

CT 

5 

mono. 

X 

SL 

129  and  133 

mono. 

X 

SP 

5822-0  and  6322-0 

multi. 

X 

X 

FC 

502/2,  503,6  504 

mono. 

X 

FC 

901 

multi. 

X 

X  (mod. ) 

Table  18  . — General  summary  of  harvest  results,  cooperative  agronomic  evaluation  tests  of  LSR-CTR 

varieties,  1965;  as  percent  of  the  standard  variety,  SL  (129  X  133)  MS  X  SP  5822-0. 

Gross  Sucrose  Yield 
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the  greenhouse,  plants  without  curly  top  symptoms  were  disregarded. 
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Table  21(a).— Inscription  of  cooperative  agronomic  evaluation  test  of 
LSR-CTR  varieties.  North  Tracy,  California,  1965. 

Conducted  by:  D.  D.  Dickenson. 

Location t  North  Tracy,  California;  T.  Mancuso. 

Cooperation:  Holly  Sugar  Corporation. 

Dates  of  Planting  and  Harvest:  March  30;  November  1. 

Experimental  Design:  Latin  Square,  8X8;  plots  2  rows  X  53';  rows 
30"  apart. 

Determination  of  Root  Yield:  Two  rows  X  50*  in  each  plot. 
Determination  of  Sucrose  Percentage:  Two  25-pound  samples. per  plot. 
Diseases :  Negligible. 


Reliability  of  Test:  Relatively  good. 
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Table  22(aX— Description  of  cooperative  agronomic  evaluation  test  of 
LSR-CTR  varieties,  Hamilton  City,  California,  1965. 

Conducted  by:  D.  D.  Dickenson. 

Location:  Hamilton  City,  California;  M.  6  T.,  Inc. 

Cooperation:  Holly  Sugar  Corporation. 

Dates  of  Planting  and  Harvest:  March  23;  October  19. 

Experimental  Design:  Latin  Square,  8X8  (analyzed  as  randomized- 

bloc'k  experiment);  plots  2  rows  X  53';  rows  30*  apart. 

Determination  of  Root  Yield:  Two  rows  X  50’  in  each  plot. 

Determination  of  Sucrose  Percentage:  Two  25-pound  samples  per  plot. 

Leaf  Spot  Exposure:  Leaf  spot  began  about  September  1st  and  lasted 
only  a  month.  Leaf  spot  should  be  no  factor  in  yields  or  sugar. 

Other  Diseases:  Negligible. 

Reliability  of  Test:  Relatively  good. 
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Table  23(a) .--Description  of  cooperative  agronomic  evaluation  test  of 

LSR-CTR  varieties,  Ft.  Collins,  Colo.,  1965  (Exp.  no.  1A) . 


Conducted  by:  J.  A.  Elder  and  J.  0.  Gaskill 

Location:  Hospital  Farm,  Fort  Collins,  Colorado;  Field  no.  2. 

Cooperation:  Colorado  Agricultural  Experiment  Station,  Beet  Sugar 
Development  Foundation,  and  National  Sugar  Manufacturing  Company. 

Dates  of  Planting  and  Harvest:  April  29;  October  19. 

Experimental  Design:  Latin  Square,  9x9;  plots  2  rows  x  20';  rows  20" 
apart;  hand  thinned  to  single-plant  hills. 

Determination  of  Root  Yield:  All  roots  in  a  17'  section  of  each  plot 
(34'  of  row)  were  hand  topped,  washed,  and  weighed. 

Determination  of  Sucrose  and  Purity  Percentages:  All  roots  harvested 
in  each  plot  were  divided  into  2  samples  for  sucrose  and  purity  analyses. 
Two  sucrose  and  one  purity  determination  were  made  for  the  composited 
pulp  from  each  sample. 

Stand  and  Bolter  Counts:  For  stand,  all  plants  in  the  area  to  be  harvested 
in  each  plot  were  counted  just  before  harvest.  Bolter  percentages  were 
determined  by  counts  (entire  plots)  in  midseason,  and  seedstalks  were 
cut  off  at  that  time. 

Recent  Cropping  History:  1961,  sugarbeet;  1962-64,  barley. 

Chemicals  Applied  for  1965  Crop:  Treble  superphosphate  (approximately 
130  lbs.  P2O5  per  acre)  and  ammonium  nitrate  (approximately  80  lbs.  N 
per  acre)  were  applied  before  plowing  in  August,  1964.  Shell  DD  (about 
41  gal.  per  acre)  was  applied  after  plowing  in  August,  1964,  for  control 
of  the  sugarbeet  nematode. 

Leaf  Spot  Exposure:  Severe. 

Curly  Top  Exposure:  Negligible. 

Other  Diseases  and  Pests:  Western  Yellows  and  sugarbeet  nematode,  mild 
effects;  other  diseases  and  pests,  negligible. 

Soil  and  Seasonal,  Conditions:  The  1965  crop  season  was  cooler  and  wetter 
than  usual,  especially  during  the  first  half.  Precipitation  was  quite 
heavy  during  June.  Adequate  soil  moisture  was  provided  artificially 
throughout  the  season  as  needed,  principally  by  furrow  irrigation. 
Inoculation  (July  12)  and  subsequent  frequent  sprinkling  were  used  to 
promote  the  development  of  leaf  spot  (Cercospora  beticola) . 


Reliability  of  Test:  Very  good. 
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Leaf  spot:  0  =  no  leaf  spot;  10  =  complete  defoliation 
Foliage  vigor:  Larger  number  =  greater  vigor. 

F  exceeds  the  1%  point. 
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Table  24(aJ- -Description  of  cooperative  agronomic  evaluation  test  of 
LSR-CTR  varieties,  Rocky  Ford,  Colorado,  1965. 

Conducted  by:  American  Crystal  Sugar  Company. 

Location:  Rocky  Ford,  Colorado. 

Dates  of  Planting  and  Harvest:  April  13,  October  6. 

Experimental  Design:  Triple  Lattice,  repeated  3  times,  9  replications; 
plots  1  row  x  35';  rows  22"  apart. 

Determination  of  Root  Yield:  Complete  plot. 

Determination  of  Sucrose  Percent:  Approximately  one-half  of  the  beets 
per  plot  were  bulked  as  one  sample. 

Stand  Counts:  Harvested  beets  counted  when  weighed. 

Recent  Cropping  History:  Summer  Fallow. 

Fertilizer  Applied  to  Sugar  Beet  Crop:  800  pounds  of  18-46-0. 

Leaf  Spot  Exposure:  Medium  to  light. 

Curly  Top  Exposure:  Slight. 

Other  Diseases  and  Pests:  Some  Rhizoctonia. 

Soil  and  Seasonal  Conditions:  Good. 

Reliability  of  Test:  Fair. 
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Table  25(a),— Description  of  cooperative  agronomic  evaluation  test  of 
LSR-CTR  varieties.  Tribune,  Kansas,  1965, 


Conducted  by;  Roy  E,  Gwin,  Jr.,  G,  E,  Coupland,  and  Henry  Wolfe. 

Location:  Tribune  Branch  Station,  Kansas  Agricultural  Experiment  Station, 
Tribune ,  Kansas. 

Cooperation:  Kansas  Agricultural  Experiment  Station  and  the  National 
Sugar  Manufacturing  Co. 

Date  of  Planting  and  Harvest:  April  20;  October  23,  1965. 

Experimental  Design:  Latin  Square,  9X9;  plots  6  rows  X  30';  rows  22M 
apart;  hand  thinned  to  single-plant  hills. 

Determination  of  Root  Yield:  All  roots  in  50*  of  row  in  each  plot  were 
topped,  cleaned,  and  weighed. 

Determination  of  Sucrose  Percentage:  All  roots  harvested  for  root  yield 
in  each  plot  were  divided  into  3  or  more  samples  for  sucrose  analysis. 

Stand  Counts:  Based  on  harvested  roots. 

Leaf  Spot  Exposure:  Mild  and  late. 

Curly  Top  Exposure:  Negligible. 

Other  Diseases  and  Pests:  Negligible. 

Soil  and  Seasonal  Conditions:  Ulysses  Silt  Loam;  previous  crop  wheat; 
adequate  irrigation;  season  was  cool  and  about  average  in  rainfall, 
except  excessive  rainfall  at  harvest. 

Fertilization:  Eighty  pounds  of  actual  nitrogen  applied  pre-plant  as  ■" 
anhydrous  ammonia. 

Reliability  of  Test:  The  test  is  considered  satisfactory  on  the  whole. 
However,  there  were  a  few  small  areas  in  which  extreme  yellowing  of  foli¬ 
age  and  low  yields  occurred,  and  exceptionally  high  yields  were  recorded 
for  one  plot.  The  average  yields  shown  for  entry  no.  4  were  affected 
substantially  by  a  single  plot  in  which  the  acre  yield  of  roots  was  more 
than  8  tons  below  that  of  the  other  8  plots  of  that  variety.  Conversely, 
the  outstanding  average  yields  shown  for  entry  no.  2  were  due  in  part  to 
a  single  plot  in  which  the  acre  yield  of  roots  exceeded  the  average  of 
the  other  8  plots  of  that  variety  by  more  than  8  tons. 
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Columns  8  1,561,899.5  12.9618  0.6289 

Varieties  8  826,142.3  10.9297  1.1256 

Error  (remainder) _ 56 _ 823,961.5 _ 6.2054  0.3332 

Total  80 

Calculated  F  value  1.00  1.76  3.38** 
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Table  26(a).--Description  of  cooperative  agronomic  evaluation  test  of 
LSR-CTR  varieties,  Garden  City,  Kansas,  1965. 

Conducted  By:  American  Crystal  Sugar  Company. 

Location:  Garden  City,  Kansas. 

Dates  of  Planting  and  Harvest:  April  23;  November  5  &  6. 

Experimental  Design:  Triple  Lattice,  3  replications;  plots  1  row 
x  35';  rows  24"  apart. 

Determination  of  Root  Yield:  Complete  plot. 

Determination  of  Sucrose  Percentage:  Approximately  one-half  of  the  beets 
per  plot  bulked  as  one  sample. 

Stand  Counts:  Harvested  beets  counted  when  weighed. 

Leaf  Spot  Exposure:  Light. 

Curly  Top  Exposure:  Light. 

Other  Diseases  and  Pests:  None. 

Soil  and  Seasonal  Conditions:  Satisfactory. 

Reliability  of  Test:  Too  few  replications. 


Table  26(b).--Results  of  cooperative  agronomic  evaluation  test  of  LSR-CTR  varieties,  Garden  City, 
Kansas,  1965  (3-plot  averages). 
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Table  27(ai--Description  of  cooperative  agronomic  evaluation  test  of 
LSR-CTR  varieties,  Johnson,  Kansas,  1965* 


Conducted  By:  American  Crystal  Sugar  Company. 

Location:  Johnson,  Kansas. 

Dates  of  Planting  and  Harvest:  April  14;  November  4. 

Experimental  Design:  Triple  Lattice,  3  replications,  plots  1  row  x 
35';  rows  24"  apart. 

Determination  of  Root  Yield:  Complete  plot. 

Determination  of  Sucrose  Percentage:  Approximately  one-half  of  the 
beets  per  plot  bulked  as  one  sample. 

Stand  Counts:  Harvested  beets  counted  when  weighed. 

Leaf  Spot  Exposure:  Very  light. 

Curly  Top  Exposure:  Very  light. 

Other  Diseases  and  Pests:  None. 

Soil  and  Seasonal  Conditions:  Satisfactory. 

Reliability  of  Test:  Too,  few  replications. 


Table  27(b).--Results  of  cooperative  agronomic  evaluation  test  of  LSR-CTR  varieties,  Johnson,  Kansas, 
1965  (3-plot  averages) . 
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Table  28( a ). - -Descr ipt ion  of  cooperative  agronomic  evaluation  test  of 
LSR-CTR  varieties,  Goodwell,  Oklahoma,  1965. 


Conducted  By:  R.  Norton  Ford  and  Roy  Oswalt. 

Location:  Panhandle  Agricultural  Experiment  Station,  Goodwell,  Oklahoma 

Cooperation:  Oklahoma  Agricultural  Experiment  Station,  Holly  Sugar  Corp 

Great  Western  Sugar  Company,  American  Crystal  Sugar  Company,  U.S.D.A. 
Fort  Collins,  Colorado. 

Dates  of  Seeding  and  Harvest:  April  3;  October  30. 

Experimental  Design:  Randomized  block;  10  replications;  plots  3  rows  x 
21',  rows  28"  apart,  center  row  test  variety,  2  rows  common  border 
US-35/2;  hand  thinned  to  single  plants  7"  apart. 

Determination  of  Root  Yield:  All  roots  in  16'  of  harvested  row  were 
hand  topped,  cleaned  and  weighed. 

Determination  of  Sucrose  Percentages:  A  random  sample  of  roots  was 
taken  from  the  row  and  shipped  to  Holly  Sugar  Corporation  for  analysis. 

Recent  Cropping  History:  1964  castorbeans. 

Chemicals  Applied  for  Sugar  Beet  Crop:  100  lbs.  of  N  (applied  as 
ammonium  nitrate)  applied  on  April  1  broadcast. 

Leaf  Spot  Exposure:  Moderate. 

Curly  Top  Exposure:  Moderate. 

Other  Diseases  and  Pests:  Mild  to  negligible. 

Soil  and  Seasonal  Conditions:  June  1965  was  the  5th  wettest  on  record 
(54  years).  Above  normal  humidity  during  May  and  June.  The  soil  was 
not  pre-irrigated.  Severe  moisture  stress  was  prevented  throughout 
the  growing  season  by  furrow  irrigation. 

Reliability  of  Test:  Good. 


Table  28(b) . --Results  of  cooperative  agronomic  evaluation  test  of  LSR-CTR  varieties,  Goodwell 
Oklahoma,  1965  (10-plot  averages). 
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a/  Leaf  spot  readings  (9/16/65;  J.  0.  Gaskill):  0  =  no  leaf  spot;  10  =  complete  defoliation 
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Table  29(a). — Description  of  cooperative  agronomic  evaluation  test  of 
LSR-CTR  varieties,  Hereford,  Texas,  1965. 


Conducted  by?  D.  F.  Peterson  and  Paul  Scott. 

Location:  Hereford,  Texas;  Eddie  Reinauer  farm. 

Cooperation:  Holly  Sugar  Corporation. 

Dates  of  Planting  and  Harvest:  March  25;  October  18. 

Experimental  Design:  Latin  Square,  9X9;  plots  2  rows  X  54’;  rows  30” 
apart . 

Determination  of  Root  Yield:  All  roots  in  a  50'  section  of  each  plot 
were  weighed. 

Determination  of  Sucrose  Percentage:  Two  10-beet  samples  per  plot . 

Leaf  Spot  Exposure:  Moderately  severe. 

Curly  Top  Exposure:  Moderately  severe. 

Other  Diseases  and  Pests:  Negligible. 

Remarks :  High  fertility,  good  stands,  and  good  uniformity  in  agronomic 
practices  combined  to  make  this  a  highly  reliable  test. 
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Table  30(a) .—Description  of  cooperative  agronomic  evaluation  test  of 
LSR-CTR  varieties,  Artesia,  Hew  Mexico,  1965. 


Conducted  by:  W.  J.  Russell 

Location:  Southeastern  Branch  Station,  New  Mexico  Agricultural  Experiment 
Station ,  Artesia,  New  Mexico. 

Cooperation:  New  Mexico  Agricultural  Experiment  Station. 

Dates  of  Planting  and  Harvest:  March  10;  October  13.* 

Experimental  Design:  Balanced  lattice  design  (K+l  replications);  two 
double  row  beds  per  plot,  beds  40  inches  apart;  rows  22  feet  long. 

Analyzed  as  a  randomized  complete  block. 

Determination  of  Root  Yield:  Twenty  feet  of  two  rows  per  plot. 

Determination  of  Sucrose  Percentage:  All  roots  harvested  for  root  yield 
from  inside  20  ireet  of  two  rows  per  plot.  The  pulp  was  frozen  and  sent 
to  Holly  Sugar  Corporation  for  laboratory  analysis;  hand  refractometer 
readings  were  made  prior  to  freezing  the  pulp  for  comparison  with  labora¬ 
tory  analysis. 

Stand  Counts:  Harvested  beets  counted  when  weighed.  Diseased  roots  were 
counted  in  stand  but  were  not  included  in  yield. 

Recent  Cropping  History:  Winter  barley  1964;  Fallow  1963;  Forage  sorghum 
1962. 


Fertilizers  applied  for  1965  Crop:  Broadcast  95  pounds  nitrogen  and  87 
pounds  P2°5  P®*7  acre  Pri°r  to  bed  preparation. 

Leaf  Spot  Exposure:  Moderately  severe  after  September  1. 


Curly  Top  Exposure: 


Extremely  severe. 


Other  Diseases  and  Pests:  Root  rot  and  root  aphids. 


Soil  and  Seasonal  Conditions:  Preplant  application  of  Tillam  was  broad- 
cast  and  incorporated  into  soil  by  double  disking.  Plots  were  not  culti¬ 
vated  but  were  hoed  when  necessary.  Irrigated  16  times  with  a  total  of 
58  acre  inches  of  water. 


Remarks :  Early  infestations  of  leafhopper  caused  stunted  growth  in  the 
curly  top  susceptible  check  variety,  SP  5822-0, 

*  Note:  An  additional  haryest  job  was  performed  on  November  13,  but 
sucrose  data,  if  any,  are  not  available  for  this  report.  Consequently, 
results  of  the  later  harvest  have  been  largely  omitted  in  the  accompany¬ 
ing  table.— Ed. 
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Table  31(a).--Description  of  cooperative  agronomic  evaluation  test  of 
LSR-CTR  varieties,  Moorhead,  Minnesota,  1965. 

Conducted  By:  American  Crystal  Sugar  Company. 

Location:  Moorhead,  Minnesota. 

Dates  of  Planting  and  Harvest:  May  19;  October  5. 

Experimental  Design:  Triple  Lattice,  repeated  three  times,  9 
replications;  plots  1  row  x  35';  rows  22"  apart. 

Determination  of  Root  Yield:  Complete  plot. 

Determination  of  Sucrose  Percentage:  Approximately  one-half  of  the 
beets  per  plot  were  bulked  as  one  sample. 

Stand  Counts:  Harvested  beets  counted  when  weighed. 

Leaf  Spot  Exposure:  Light. 

Curly  Top  Exposure:  None. 

Other  Diseases  and  Pests:  None. 

Soil  and  Seasonal  Conditions:  Good. 

Reliability  of  Test:  Fair. 


Table  31(b)*--Results  of  cooperative  agronomic  evaluation  test  of  LSR-CTR  varieties,  Moorhead, 
Minnesota,  1965  (9-plot  averages). 
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Table  32(aX--Description  of  cooperative  agronomic  evaluation  test  of 
LSR-CTR  varieties,  Mason  City,  Iowa,  1965* 


Conducted  By:  American  Crystal  Sugar  Company. 

Location:  Mason  City,  Iowa. 

Dates  of  Planting  and  Harvest:  May  5;  October  14. 

Experimental  Design:  Triple  Lattice,  repeated  3  times,  9  replications 
plots  1  row  x  35' ;  rows  22"  apart. 

Determination  of  Root  Yield:  Complete  plot. 

Determination  of  Sucrose  Percentage:  Approximately  one-half  of  the 
beets  per  plot  were  bulked  as  one  sample. 

Stand  Counts:  Harvested  beets  counted  when  weighed. 

Leaf  Spot  Exposure:  Light. 

Curly  Top  Exposure:  None. 

Other  Diseases  and  Pests:  Some  Rhizoctonia. 

Soil  and  Seasonal  Conditions:  Extremely  dry  at  midseason,  causing 
severe  wilting.  Extremely  wet  at  harvest  time*,  over  11  inches  of 
rain  in  September.  Soil  very  sandy. 

Reliability  of  Test:  Fair  to  poor. 


Table  32(b),--Results  of  cooperative  agronomic  evaluation  test  of  LSR-CTR  varieties,  Mason  City 
Iowa,  1965  (9-plot  averages). 
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Fig.  1.- -Comparison  of  sugarbeet  varieties  under  severe 
curly  top  exposure,  Artesia,  N.  M, ,  September 
17,  1965;  plots  4  rows  (2  beds)  wide  and  22  ft. 
long.  Left,  SP  5822-0;  right,  FC  (502/2  x  503) 
MS  x  FC  901.  (Fort  Collins  photo  no.  180-18). 
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RHIZOCTONIA  INVESTIGATIONS,  FORT  COLLINS,  COLORADO,  1965  - 
(A  phase  of  Beet  Sugar  Development  Foundation  Project  25) 

John  0.  Gaskill  — 1 


The  efficacy  of  several  inoculation  techniques  for  evaluation  of  the 
Rhizoctonia  resistance  of  sugarbeet  lines  was  studied  at  Fort  Collins 
during  the  period,  1956  through  1964.  As  reported  at  the  end  of  that 
period  (2)  £/,  the  rosette  method,  previously  described  (1,  3),  appears 
to  be  the  most  dependable  where  inoculation  is  performed  at  least  three 
weeks  after  thinning.  That  technique  was  used  exclusively  in  1965,  and 
an  attempt  was  made  to  determine  whether  the  3-week  interval  between 
thinning  and  inoculation  is  long  enough — in  other  words,  whether  resist¬ 
ance  could  be  measured  more  effectively  if  the  plants  were  larger  at 
the  time  of  inoculation.  In  a  separate  experiment  a  number  of  sugarbeet 
lines,  resulting  from  one  to  several  generations  of  selection  for 
Rhizoctonia  resistance,  were  compared  with  parental  and  check  material. 
Selection  and  breeding  for  resistance  were  continued  in  1965. 


Experiment  R-l 
(Methods  Study) 

The  same  set  of  sugarbeet  varieties  or  strains  used  in  the  methods  study 
in  1964  was  employed  in  1965.  For  convenience  in  appraising  the  results, 
the  varieties  and  seed  numbers  used  in  1965  are  listed  below: 

Strain  Ft.  Collins 

no.  seed  no.  Description 

1  Acc.  2233  SP  5831-0;  a  monogerm,  U.S.D.A.  variety, 

resistant  to  leaf  spot  and  black  root. 

2  SP  621004-0  A  product  of  selection  for  Rhizoctonia 

resistance,  at  Ft.  Collins,  in  SP  5831-0. 


—  A  progress  report  on  investigations  conducted  by  the  Crops 
Research  Division,  Agricultural  Research  Service,  U.  S.  Department  of 
Agriculture,  in  cooperation  with  the  Colorado  Agricultural  Experiment 
Station  and  the  Beet  Sugar  Development  Foundation. 

2/ 

—  Research  Plant  Pathologist. 

3  / 

—  Numbers  in  parentheses  refer  to  Literature  Cited. 


3 


4 


5 


6 

7 

8 


Acc.  2168 

SP  631001-0 

SP  62122UH0 

SP  621003-0 

Acc.  2057 

Acc.  2591 


GW  674-56C ;  a  multigerm,  G.W.S.  Co., 
leaf  spot  resistant  variety. 

A  product  of  selection  for  Rhizoctonia 
resistance,  at  Ft.  Collins,  in  GW  674-56C 
(via  SP  611107-0). 

An  increase  of  C817  (Powers'  Select  A54-1 
Synthetic)  without  selection  for  Rhizoc¬ 
tonia  resistance. 

A  product  of  selection  for  Rhizoctonia 
resistance,  at  Ft.  Collins,  in  C817. 

US  401;  a  multigerm,  U.S.D.A.  variety, 
resistant  to  leaf  spot  and  black  root. 

SP  5822-0;  a  multigerm,  U.S.D.A.  variety, 
resistant  to  leaf  spot  and  black  root. 


A  randomized-block,  split-plot,  experimental  design  was  used  with  dates 
of  planting  occurring  as  main  plots  and  sugarbeet  strains  as  subplots. 
Each  subplot  was  two  rows  wide  and  25  feet  long.  A  14-ft.  section  of 
each  subplot  was  inoculated  by  means  of  the  rosette  method  on  July  26, 
using  the  highly  pathogenic  Rhizoctonia  isolate,  B-6.  Planting  dates 
were  May  19  and  June  3,  and  thinning  was  performed  on  June  23  and  July 
6,  respectively.  Thus,  elapsed  time  from  thinning  to  inoculation  was 
about  five  weeks  for  the  early  planting  and  three  weeks  for  the  late 
planting.  Final  determinations  of  stand  and  yield  were  made  on  a  13-ft. 
section  (26  feet  of  row)  in  the  inoculated  portion  of  each  subplot  on 
October  8.  Plants  with  living  foliage  were  counted,  trimmed  as  mother 
beets,  washed  and  weighed.  Irrigation  water  was  applied  to  the  entire 
experiment  by  sprinkler  in  amounts  considered  sufficient  for  satisfac¬ 
tory  plant  growth.  The  east  half  (three  replications)  received  supple¬ 
mental  sprinkling  beginning  soon  after  the  date  of  inoculation.  For 
further  details  regarding  agronomic  practices,  inoculation  technique, 
etc.,  see  the  1963  report  (1). 


The  results  of  experiment  R-l  are  summarized  in  Tables  1  and  2  and 
illustrated  in  Figure  1.  As  shown  in  Table  1,  loss  of  stand  was  much 
more  severe  in  the  late  planting.  However,  as  shown  in  both  tables, 
varietal  contrasts  were  considerable  for  both  planting  dates  and  tended 
to  be  relatively  greater  for  the  later  planting.  Thus,  under  the  con¬ 
ditions  of  1965,  it  appears  that  the  late  planting  was  somewhat  more 
effective  in  showing  strain  differences.  However,  conditions  in  the 
1965  experiment  apparently  were  less  favorable  for  Rhizoctonia  than 
usual,  presumably  due  to  cooler  weather,  and  consequently  these  results 
should  be  considered  with  caution. 
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Strain  comparisons  of  special  interest  are  parents  vs.  products  of 
selection  for  Rhizoctonia  resistance.  Strain  2  differed  very  little 
from  its  parental  variety,  strain  1.  However,  strains  4  and  6  exceeded 
their  respective  parents  by  highly  significant  amounts,  both  in  percent¬ 
age  survival  and  in  root  yield.  Moisture  levels  had  relatively  little 
effect. 


Experiment  R-2 
(Comparison  of  Strains) 

Experiment  R-2  was  intended  primarily  for  the  evaluation  of  the  Rhizoc¬ 
tonia  resistance  of  a  number  of  lines  resulting  from  selection  for 
resistance  to  that  disease.  Plots  were  one  row  by  25  feet  in  size.  A 
14-ft.  section  in  each  plot  was  inoculated,  and  final  determinations  of 
stand  and  yield  were  based  on  a  13-ft.  section  in  each  plot.  Strains 
with  sufficient  seed  occurred  in  eight  plots,  each,  with  a  modified 
randomized-block  arrangement.  Five  strains  occurred  in  two  to  six  plots 
each.  Except  for  these  modifications.  Experiment  R-2  was  handled  in 
about  the  same  way  and  on  essentially  the  same  schedule  as  the  early 
planting  of  Experiment  R-l.  Inoculation  was  performed  by  means  of  the 
rosette  method  July  26-27,  and  harvest  was  performed  October  8-11. 

As  shown  in  Table  3,  strains  differed  greatly  in  survival  percentage 
and  root  yield,  and  a  number  of  the  selections  were  far  superior  to  the 
three  commercial  varieties  in  the  test — GW  674-56C,  US  401,  and 
SP  5822-0  (entries  914,  929,  and  930,  respectively).  As  in  the  methods 
study  (Experiment  R-l),  selections  from  SP  5831-0  differed  very  little 
from  that  variety,  and  SP  631001-0  was  significantly  higher  than  its 
parent,  GW  674-56C,  in  both  survival  and  yield.  In  the  methods  study 
strain  no.  6,  the  selection  from  C817,  was  the  outstanding  line  in  both 
survival  and  yield.  In  Experiment  R-2,  the  next  generation  of  that 
line — SP  641005-(01) —  was  highest  in  survival  and  second  from  the  top 
in  yield,  disregarding  those  lines  that  occurred  in  less  than  eight 
plots. 

The  performance  of  SP  641004-(02)  is  of  special  interest  and  may  indi¬ 
cate  the  achievement  of  a  new  level  of  Rhizoctonia  resistance.  As 
stated  above,  SP  631001-0,  resulting  from  two  cycles  of  selection  from 
GW  674-56C,  significantly  exceeded  that  variety  both  in  survival  and 
yield.  SP  641004-(02),  a  product  of  three  selection  cycles  from  the 
same  source,  in  turn  surpassed  SP  631001-0  by  highly  significant  amounts 
in  both  survival  and  yield.  Furthermore,  in  root  yield,  SP  641004- (02) 
significantly  exceeded  all  other  lines  occurring  in  eight  replications. 
The  appearance  of  that  line  just  prior  to  harvest  is  shown  in  Figure  2. 
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Conclusions 


1.  The  results  from  two  experiments  in  1965  confirmed  earlier  conclu¬ 
sions  that  progress  had  been  made  in  breeding  for  resistance  to 
Rhizoctonia. 

2.  SP  641004-(02),  a  line  resulting  from  three  cycles  of  selection  for 
Rhizoctonia  resistance,  was  outstanding  in  root  yield  under  Rhizoc¬ 
tonia  exposure  and  may  represent  the  achievement  of  a  new  level  of 
resistance. 

3.  Where  the  rosette  method  of  inoculation  was  used  with  intervals  of 
approximately  three  and  five  weeks  between  thinning  and  inoculation, 
Rhizoctonia  attack  was  more  severe  on  the  younger  plants— i.e.,  on 
those  plants  having  only  about  three  weeks'  growth  between  dates  of 
thinning  and  inoculation.  Under  1965  conditions,  this  greater  sev¬ 
erity  of  attack  on  the  younger  plants  resulted  in  relatively  greater 
contrasts  among  sugarbeet  strains.  However,  in  seasons  more  favor¬ 
able  for  Rhizoctonia,  a  lighter  level  of  attack,  expected  to  result 
from  a  longer  interval  between  thinning  and  inoculation,  may  be 
desirable. 
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Figure  1 . --Comparison  of  three  sugarbeet  strains 
in  Experiment  R-l,  Ft.  Collins,  Colo.,  on  October  6, 

1965,  72  days  after  inoculation  with  Rhizoctonia  s o 1 an i . 
Two-row  plots,  from  left  to  right:  1)  strain  8  (SP  5822-0); 
2)  strain  6  (SP  621003-0,  a  Rhizoctonia-resis tant  selection 
from  C817) ;  and  3)  strain  3  (GW  674-560 .  (Ft.  Collins 
photo  B28-14.) 


Figure  2. — Comparison  of  four  sugarbeet  strains  in 
Experiment  R-2  (1-row  plots),  Ft.  Collins,  Colo.,  on 
October  6,  1965,  71  days  after  inoculation  with  Rhizoctonia 
solani .  The  first  three  staked  plots,  from  left  to  right, 
are  SP  64l004-(02)  ,  SP  641003-(01)  ,  and  SP  641005-(01)  — 
products  of  selection  for  Rhizoctonia  resistance  in 
GW  674-56C,  SP  5831-0,  and  C817,  respectively.  The  fourth 
plot  is  the  commercial  variety  GW  674-56C.  (Ft.  Collins 
photo  B28-9.) 
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Fig.  1. — Comparison  of  three  sugarbeet  strains  in 
Experiment  R-l,  Ft.  Collins,  Colo.  (See  page  238  for 
legend . ) 


Fig.  2 . --Comparison  of  four  sugarbeet  strains  in 
Experiment  R-2  (1-row  plots),  Ft.  Collins,  Colo. 

(See  page  238  for  legend.) 
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Chemical-Genetic  Studies  Involving  Weight  per  Root,  Percentage  Sucrose, 

and  Levels  of  3-hydroxytyramine  2/ 


The  data  for  levels  of  3-hydroxytyramine  from  individual  plants  were  not 
available  in  time  to  include  them  in  the  1964  annual  report.  Hence  they 
are  being  included  in  the  1965  report.  The  purposes  of  this  experiment 
were  to  study  the  association  of  3-hydroxytyramine  with  weight  per  root 
and  percentage  sucrose  and  to  determine  the  breeding  potentials  of  the 
segregating  populations  A56-3  and  US  401(4N)  as  regards  levels  of  3- 
hydroxy tyramine .  The  hybrid,  (52-305CMS  X  52-407 )Fj,  was  included  as 
a  measure  of  the  environmental  variability.  The  methods  outlined  by 
Powers  at  al.  (  8  )  were  used  in  analyzing  the  data.  The  experimental 
design  was  a  randomized  complete  block  having  40  replications  and  nine 
populations.  However,  individual  plant  data  were  taken  on  only  three 
of  the  nine  populations.  The  number  of  plants  per  replication  was  ten, 
making  a  total  of  400  plants  for  each  population  and  a  total  of  1200 
plants  for  the  three  populations.  The  plot  data  for  the  nine  populations 
were  given  in  the  1964  annual  report. 

Results 

The  analyses  of  variance  for  weight  per  root  in  kgs,  percentage  sucrose, 
and  mg  of  3-hydroxytyramine  per  100  ml  of  extract  are  shown  in  Table  1. 
For  weight  per  root  there  are  significant  differences  between  means  of 
populations  but  not  between  means  of  replications.  Such  being  the  case, 
the  interaction  of  populations  X  replications  is  not  significant.  For 
percentage  sucrose,  differences  between  means  of  populations,  means  of 
replications,  and  the  interaction  of  populations  X  replications  are 
statistically  significant.  The  same  sources  of  variation  are  signifi¬ 
cant  in  the  3-hydroxytyramine  analysis.  It  should  be  noted  that 
although  the  differences  between  replication  means  for  percentage  su¬ 
crose  and  mg  of  3-hydroxytyramine  are  statistically  significant,  as 
compared  with  differences  between  population  means,  they  account  for 
a  relatively  small  amount  of  the  variance.  The  comparisons  are 
0.218456  and  0.021972  for  percentage  sucrose  and  34.701170  and  0.910031 
for  mg  of  3-hydroxytyramine.  The  variances  for  the  population  X  repli¬ 
cation  interaction  are  still  smaller  and  hence  of  minor  importance  as 
compared  with  differences  attributable  to  populations. 

The  means  and  frequency  distributions  for  weight  per  root  on  the  arith¬ 
metic  scale  are  listed  in  Table  2.  The  means  and  frequency  distribu¬ 
tions  of  A56-3  and  US  401  (4N)  are  not  different.  The  least  significant 
difference  of  their  means  is  0.072.  Chi  square  for  testing  the  hypothe¬ 
sis  that  both  populations  are  derived  from  a  common  frequency  distribu¬ 
tion  is  13.047  with  12  degrees  of  freedom.  The  P  value  lies  between 
0.50  and  0.30.  The  deviations  are  readily  accounted  for  by  chance. 

The  means  and  frequency  distributions  for  percentage  sucrose  on  the 
arithmetic  scale  are  listed  in  Table  3.  There  are  significant 

2/  For  association  with  Cercospora  leaf  spot  resistance, 
see  page  255. 
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Table  1*  Analysis  of  variance  for  weight  per  root,  percentage  sucrose, 


— -  -a  ~  -  -j - -  'j 

Character  and 
source  of 
variation 

Degrees 

of 

freedom 

Mean 

square 

F 

Obtained 

value 

5.0% 

1.0% 

Weight  per  root 

Populations 

2 

0.227334 

3.35 

3.11 

4.88 

Replications 

39 

0.057768 

— 

1.54 

1.84 

R  X  P— ^ 

78 

0.067921 

— 

1.28 

1.41 

Remainder^ 

1080 

0.071080 

Percentage  sucrose 

Populations 

2 

0.218456 

39.33 

3.11 

4.88 

Replications 

39 

0.021972 

3.96 

1.54 

1.84 

R  X  P — 

78 

0.005555 

3.04 

1.28 

1.41 

Remainder^ 

1080 

>  • 

0.001826 

3 - hy dr oxy t y r am ine 

Populations 

2 

34.701170 

135.83 

3.11 

4.88 

Replications 

39 

0.910031 

3.56 

1.54 

1.84 

R  X  ?— 

78 

0.255474 

2.31 

1.28 

1.41 

Remainder^ 

1080 

0.110613 

—  The  R  X  P  mean  square  is  used  to  test  significance  of  differences 
between  means  of  populations  and  means  of  replications;  the  remain¬ 
der  mean  square  is  used  to  test  the  significance  of  the  interaction, 
replications  X  populations. 


Table  2.  Population  frequency  distributions  for  kiloi 


244 


U 

4) 

a4 

« 

§ 

t 


1 

2 


6 


too 

jCM 


<0 

CM 


3* 

8" 

fc 


« 

w 

•0 

H 

O 

u 

4> 

a 


CM 

CM 


a  3 


3 

a 

o 

a. 


r*  <n  r* 

•H  <H 


P  * 

O  O 
•  • 
o  o 

II  N 

m  «h 

o  o 

e  • 

o  o 
a  a 

a  a 


in  cm  h 


C7> 

CM 


co 

m 


CM 

3 


CM  H 


rH  m 

3  CM 


•H  00 

3*  3 


m  cm 

3*  r- 


o  <7> 

3  o> 


ro  in 

3*  ao 


3-  c* 

3*  CM 


cm  r- 

3 


CM  r* 
CM 


£  8 


O 

3 


_  u« 
o  ^ 
m  r* 
o  o 
<n  3 
i  l 

CM  CM 

m  m 


bO 


4) 

a 


* 

v 

c 

4) 

3. 

cr 


i 


Ij 

a 


■a 


<N 

in 

e 

O 

CM 

o 

e 

o 

CM 

in 

e 

<7» 

H 

o 

• 

cn 

<H 

m 

03 

*H 

o 

e 

03 


in 

e 

(O 


& 


£ 


I  in 

e 

•  m 


E 

•H 

•H 

«) 

W 

<0 

n 

O 

4) 

a 


m 

<o 

H 

O 

e 

<”0 

*H 

m 

e 

CM 

rH 

o 

e 

CM 


3 

a 

o 

a 


3  ID 

•  • 

m  3 


rH  00 
CM 


O  c0 

CM  rH 


lO  o> 

CO  rH 


(O  CM 

3-  3 


c-  co 

m  3 


lO  iO 

3-  3 


o  m 

3"  3 


O  rH 

CO  3 


IO  o 

CO  CO 


lO  CM 

»H  CO 


CM  CO 


CM  3  m 

CO  3 
•  • 
o  o 

O  II  II 

m  rH 

o  o 

e  • 

«H  O  O 
Q  Q 

2  3 


o 

m 


CM 

in 


a> 

m 


co 

m 


co 

3- 


£ 


co 

I 

CO 

m 

< 


o 

3 


_  U 

O  r-N 

m  r* 
o  o 
C0  3 
I  I 

CM  CM 

m  m 


245 


differences  between  all  three  means.  The  same  is  true  of  the  frequency 
distributions.  The  means  and  frequency  distributions  for  mg  of  3- 
hydroxytyramine  in  Table  4  are  all  significantly  different. 

Total  within-plot  variances,  genetic  variances,  and  heritability  ratios 
for  weight  per  root,  percentage  sucrose,  and  mg  of  3-hydroxytyramine 
are  listed  in  Table  5.  A  study  of  this  table  reveals  that  for  weight 
per  root  and  percentage  sucrose  the  genetic  variances  and  therefore 
the  broad  sense  heritability  ratios  are  larger  for  population  US  401(4N) 
than  they  are  for  A56-3.  The  reverse  is  true  for  mg  of  3-hydroxytyra- 
mine.  In  past  studies  population  A56-3  compared  with  other  populations 
has  usually  been  found  to  have  greater  genetic  variability  for  both 
weight  per  root  and  percentage  sucrose.  Consequently  the  greater  varia¬ 
bility  for  weight  per  root  and  percentage  sucrose  shown  by  the  tetra- 
ploid  was  not  expected.  This  finding  raises  the  question  whether  the 
greater  genetic  variability  of  US  401(4N)  could  be  due  in  part  to  the 
fact  that  it  is  a  tetraploid.  The  experiment  was  not  designed- to  give 
an  answer  to  this  question.  Further  research  is  necessary  involving 
2N  and  4N  conditions  of  the  same  populations. 

All  possible  combinations  of  within-plot  total  and  genetic  correlations 
are  listed  in  Table  6.  The  F^  hybrid  provides  an  estimate  of  the  envi¬ 
ronmental  correlations.  The  environmental  correlation  of  weight  per 
root  and  percentage  sucrose  is  -0.403,  that  of  weight  per  root  and 
mg  of  3-hydroxytyramine  is  0.423,  and  finally  that  of  percentage  sucrose 
and  mg  of  3-hydroxytyramine  is  -0.191.  All  three  of  these  correlation 
coefficients  are  significantly  different  from  zero  and  together  with 
the  genetic  correlations  will  have  a  bearing  on  breeding  procedures. 

A  study  of  Table  6  reveals  that  for  population  A56-3  the  genetic  cor¬ 
relation  coefficients  for  weight  per  root  and  percentage  sucrose  and 
for  percentage  sucrose  and  mg  of  3-hydroxytyramine  are  positive  and 
significantly  different  from  zero.  In  population  US  401(4N)  the  genetic 
correlation  coefficients  for  weight  per  root  and  percentage  sucrose  and 
weight  per  root  and  mg  of  3-hydroxytyramine  are  positive  and  signifi¬ 
cantly  different  from  zero.  Both  the  environmental  and  genetic  relations 
noted  between  the  three  characters  have  a  bearing  on  breeding  procedures. 
Just  what  this  bearing  is*  and  its  nature,  is  more  clearly  shown  by  parti¬ 
tioning  the  bivariate  frequency  distributions  so  as  to  obtain  an  estimate 
of  the  identifiable  numbers  of  genetic  deviates. 

In  Table  7  are  listed  the  number  of  individuals  in  each  of  the  nine 
sections  of  the  partitioned  bivariate  frequency  distributions  for  weight 
per  root  and  percentage  sucrose.  The  number  of  individuals  falling  in 
sections  4,  5,  and  6  are  of  greatest  interest  because  they  have  the 
greatest  potential  for  increasing  both  weight  per  root  and  percentage 
sucrose.  The  number  of  individuals  falling  in  section  5  is  of  greatest 
importance  because  these  individuals  are  superior  in  both  weight  and 
sucroae;  whereas  those  in  section  4  are  superior  in  weight  but  average 
in  sucrose, and  those  in  section  6  are  average  in  weight  but  superior 
in  sucrose.  A  further  study  of  Table  7  reveals  that  the  identifiable 
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Table  6.  Within-plot  correlation  coefficients  for  weight  per  root  and 
percentage  sucrose,  weight  per  root  and  mg  of  3-hydroxytyramine,  and 
percentage  sucrose  and  mg  of  3-hydroxytyramine,  calculated  within  popu- 
lations  for  total  and  genetic  covariances;  logarithmic  scale. 

Source  of  variation  _ Correlation  coefficient,  r _ 

and  population  Weight  Weight  and  Sucrose  and 

and  3-hydroxy-  3-hydroxy- 

sucrose_ tyramine_ tyramine 


Total  within-plot 


A56-3 

-0.080 

0.183** 

0.037 

US  401(4N) 

0.206** 

0.210** 

0.022 

( 52-305CMS  X 

52-407 )F 

-0.403** 

0.423** 

-0.191** 

Genetic 

A56-3 

0.175** 

0.080 

0.140* 

US  401(4N) 

0.442** 

0.124* 

0.091 

Table  7.  Number  of  individuals  in  sections  of  the  partitioned  bivariate  frequency  distributions  for 
weight  per  root  and  percentage  sucrose;  logarithmic  scale. 
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numbers  of  genetic  deviates  in  both  sections  4  and  6  are  negligible. 
However,  for  section  5  the  identifiable  number  of  genetic  deviates  is 
high  for  both  A56-3  and  US  401(4N),  the  identifiable  number  of  genetic 
deviates  being  32  in  the  former  case  and  57  in  the  latter  case. 

US  401(4N)  is  significantly  higher  in  identifiable  number  of  genetic 
deviates  in  section  5  than  is  A56-3.  Since  the  number  of  individuals 
in  sections  4  and  6  for  the  Fj  hybrid  approximate  rather  closely  those 
in  these  sections  for  A56-3  and  US  401(4N),  progress  would  not  be  ex¬ 
pected  by  saving  for  breeding  purposes  individuals  falling  in  these 
sections.  Hence  the  data  show  that  selection  of  individuals  from  sec¬ 
tion  5  for  further  breeding  studies  in  populations  A56-3  and  US  401(4N) 
should  offer  promise  of  progress.  To  identify  the  superior  lines  would 
require  progeny  tests  of  some  type. 

In  Table  8  are  listed  the  number  of  individuals  in  each  of  the  nine  sec¬ 
tions  of  the  partitioned  bivariate  frequency  distributions  for  weight 
per  root  and  mg  of  3 -hydroxy tyramine .  A  study  of  these  data  reveals 
that  the  greatest  number  of  superior  genetic  deviates  occurs  in  sections 
5  and  6  of  the  bivariate  frequency  distributions  (assuming  high  3-hy- 
droxytyramine  is  desirable).  Section  5  is  superior  in  both  weight  per 
root  and  mg  of  3 -hydroxy tyramine  whereas  section  6  is  average  in  weight 
and  superior  in  mg  of  3-hydroxytyramine.  Neither  segregating  population 
is  superior  to  the  other  in  the  identifiable  number  of  genetic  deviates 
in  these  two  sections;  the  numbers  are  53  for  A56-3  and  51  for  US  401(4N). 
If  numbers  greater  than  these  are  desired  for  selection  and  further  test¬ 
ing,  size  of  the  populations  studied  would  have  to  be  increased  corres¬ 
pondingly. 

In  Table  9  are  listed  the  number  of  individuals  in  each  of  the  nine 
sections  of  the  partitioned  bivariate  frequency  distributions  for  per¬ 
centage  sucrose  and  mg  ,of  3-hydroxytyramine.  Again  the  greatest  number 
of  superior  genetic  deviates  occurs  in  sections  5  and  6.  The  two  popu¬ 
lations  do  not  differ  significantly  in  respect  to  identifiable  numbers 
of  genetic  deviates  in  these  two  sections;  but  section  5  does  contain 
a  higher  proportion  of  the  identifiable  number  of  genetic  deviates  than 
section  6.  The  individuals  of  section  5  are  superior  in  both  characters, 
whereas  the  individuals  of  section  6  have  average  sucrose  but  are  supe¬ 
rior  in  mg  of  3-hydroxytyramine.  Selection  of  individuals  in  section  4 
would  be  of  doubtful  value  due  to  the  fact  that  the  number  of  individuals 
of  the  segregating  populations  falling  in  this  section  does  not  differ 
materially  from  the  number  of  Fj  hybrid  individuals  falling  in  this  same 
section. 


Discussion 

Individual  plant  determinations  allow  us  to  partition  the  variances, 
covariances,  and  frequency  distributions,  thereby  providing  much  infor¬ 
mation  not  available  on  population  or  variety  means.  This  experiment 
provides  the  first  data  on  3-hydroxytyramine  from  individual  plants. 


Table  8.  Number  of  individuals  in  sections  of  the  partitioned  bivariate  frequency  distributions  for 
weight  per  root,  mg  of  3-hydroxytyramine ;  logarithmic  scale. 


251 


E 

1 

g 

s 

5j, 

G 

O 

•H 

4-> 

04 

•H 

u 

o 

(0 

4) 

T3 

§ 

•H 

•M 

O 

0) 

CO 


•o 

•  4>  43  CD 
•M  ►  I  w 

is  m  co 


'O 

<4-1  •  4)  X  CO 

G  +■»  ►  I  W 

M  is  «J  CO 


TJ 

•  a  43  r" 

G  t*  3  I  w 

H  *  W  CO 


4>  • 


T3 

•  So'-' 
0.43  CO 
3  I  ' 
m  co 


xJ 

0.43  in 


a 

3  +■*  3  I 
to  is  w  co 


£ 

CO 


XJ 

•  t>,^ 
0)  43  if 
>  I  w 
«j  co 


X) 

O.  •  in  43  co 
3  4J  G  I  w 

CO  is  «H  CO 


a)  •  4h 

>  -H  G 
<  is  *H 


X) 

43  CM 
I  w 
CO 


X) 

*  •  >1* 
•  Uh  43 

•H  G  I  ' 
is  -H  CO 


G 

O 

•H 

+-» 

CCJ 

H 

3 

g* 

o. 


o 

as 


CO 

CO 


O 

as 


CM 


o 

as 


CM 

CM 


O 

as 


CO 


o 

as 


cr> 

co 


o 

z 


co 

co 


O 

as 


CO 

CO 


o 

z 


CO 


o 

z 


c** 

m 


co 

i 

CO 

in 

< 


in 

a- 


co 

co 


CO 

CM 


CO 


CD 


CO 

it 


it 

.H 


CO 

in 


in 


in 


r- 

co 


r- 

ao 


r- 

in 


Z 

it 


o 

it 

to 

3 


it 

CO 


X 

CO 

as  <- 

O  G. 
in  •'-* 
o  t" 
co  o 

I 

CM  I 

in  cm 
m 


+J 

o 

o 

g 


4) 

c 

•H 

9 

fc 

€ 


g 

o 

g 

4> 

G  G 

o 

a 

0) 

O  X) 

•H 

bC 

•H  >1 

G 

+-* 

m 

G  43 

0) 

43 

G 

4)  1 

Mh 

bC 

0) 

a  CO 

C 

•H 

> 

3 

i-i 

V 

m 

CO  II 

a 

II 

ii 

II  • 

ii 

X) 

• 

• 

•  >> 

»+H 

• 

0) 

a  x: 

G 

•H 

> 

3  1 

M 

i* 

< 

CO  CO 

Hi 


252 


G 

0 

4h 

(0 

5 

0 

•H 

•M 

2 

A 

•H 

u 

V 

to 

•H 

3 

►> 

O 

0 

«J 

3 

cr* 

0) 

to 

E 

g 

4-1 

CD 

a> 

■g 

+-> 

9 

id 

G 

•H 

G 

3 

rd  • 

G 

>  <y 

id 

•H  ' — 1 

a  m 

0 

'Hi 

3  co 

n 

<u 

G 

c  0 

0 

0  *H 

•H 

•H  E 

■H 

+j  x 

cx 

•H  V 

•H 

■M  *H 

g 

G  G 

0 

nJ  ns 

CO 

a  w> 

a> 

0 

3 

0)  3 

x 

c 

•H 

0 

•  + 

•H 

4h  <u 

■H 

0  c 

O 

•H 

CU 

«  E 

cn 

c  53 

.3  k 

4J  +J 

O  S*, 

<u  >< 

to  0 

G 

C  3 

•H  >, 

X 

t 0  1 

H  CO 

03 

3  4h 

3  0 

•H 

>  bO 

•H  E 

3 

C  3 

•H  G 

m 

4-1 

O  0) 

to 

G  0 

<u  g 

X  0 

E  3 

3  W 

z 

a/ 

G 

bO 

0 

•  id 

•H 

<n  +j 

+-» 

G 

id 

a> 

H 

H  O 

3 

X)  G 

a 

id  a> 

0 

£-  CX 

(X, 

« 

3 

• 

• 

• 

« 

co 

m 

a> 

O 

ft) 

J3  cn 

0 

ID 

in 

> 

3 

> 

1  w 

Z 

< 

(0 

id 

CO 

• 

• 

3 

• 

« 

• 

• 

CM 

<71 

4-1 

O 

0 

X  00 

0 

CM 

<— 1 

G 

3 

► 

1  W 

z 

w 

(0 

• 

CO 

• 

0 

3 

• 

• 

• 

• 

in 

co 

4h 

O 

(XX  r-~ 

0 

1— 1 

*— l 

G 

3 

3 

1  W 

z 

M 

to 

to 

CO 

• 

• 

• 

• 

• 

• 

CM 

1— l 

a) 

0 

CXXI  CD 

0 

if 

it 

> 

3 

3 

1  W 

z 

< 

(0 

CO 

CO 

• 

» 

• 

• 

• 

• 

1 — 1 

0 

cx 

0 

cxx:  m 

0 

3- 

CO 

3 

3 

3 

1  w 

z 

00 

w 

CO 

CO 

• 

• 

• 

• 

• 

• 

ID 

0 

cx 

0 

ft) 

X  it 

0 

if 

ID 

3 

3 

> 

1  W 

z 

CO 

(0 

03 

CO 

• 

* 

• 

• 

• 

>V<~' 

• 

3 

<-H 

a 

O 

4n 

X  co 

0 

in 

ID 

3 

3 

G 

1  W 

z 

CO 

to 

•H 

CO 

• 

» 

• 

• 

• 

• 

CO 

r-* 

O 

4h 

x:  cm 

0 

cn 

c^- 

> 

3 

G 

1  w 

z 

< 

(0 

•H 

CO 

• 

• 

3 

• 

• 

• 

►>'-* 

• 

C— 

C" 

4-i 

0 

4j 

X!  H 

0 

CM 

CO 

C 

3 

G 

1  w 

z 

M 

CO 

•H 

CO 

ID 
<— t 


in 

CM 


in 


m 


d- 

m 


in 

3- 


oo 


in 


CQ  IX, 

z 

Z  ^ 

3- 

0  r- 

V 

m  0 

0  *- 

CO 

O 

co  1 

1 

it  • 

1  CM 

ID 

cm  in 

m 

V) 

in 

< 

D 

w 

£-t  ^ 

O  0)  0)  o 

•H  CO  bO-H 
fi  O  n)  fi 

D  U  g  <d 
4h  O  0)  CX 
C  3  >  3 
M  CO  <  CO 

II  II  II  II 

•  •  •  • 

4-,  O  0)  CX 
C  3  >  3 

HH  CO  <  C/D 


3-hyd.  -  3-hydroxytyramine 


253 


Variation  due  to  populations  is  the  principal  source  of  variability  for 
all  three  characters  in  all  three  populations.  Environmental  effects 
as  measured  by  replications  affect  sucrose  and  3-hydroxytyramine  content 
in  this  experiment,  the  latter  being  affected  four  times  as  much  as  the 
former.  These  variances  are  small,  however,  compared  to  population 
variances.  The  data  for  the  variances  were  transformed  to  common  loga¬ 
rithms  in  order  to  reduce  the  apparent  relationships  of  means  and  vari¬ 
ances  . 

Further  work  is  planned  to  study  3-hydroxytyramine  content  in  a  range 
of  environments,  e.g.,  different  soil  fertility  levels,  and  in  a  variety 
of  genotypes.  This  should  help  in  pinning  down  particular  environmental 
factors  affecting  3-hydroxytyramine  as  well  as  delineating  the  extent  to 
which  the  character  may  be  affected  by  environment. 


The  population  means  and  variances  for  3-hydroxytyramine  are  of  particu¬ 
lar  interest.  The  mean  of  the  F1  hybrid  is  particularly  high  as  was 
pointed  out  in  the  1964  report.  This  F,  hybrid  is  of  particular  inter¬ 
est  for  this  reason  and  will  be  included  in  future  experiments  to  study 
this  currently  inexplicably  high  3-hydroxytyramine  content.  The  within- 
plot  variance  of  this  F.  hybrid  serves  as  an  estimate  of  the  environ¬ 
mental  variance.  This  being  the  case  there  must  be  considerable  segre¬ 
gation  and/or  interaction  of  genes  conditioning  3-hydroxytyramine  content 
in  the  two  segregating  populations.  The  resulting  broad  sense  herita- 
bility  ratios  are  quite  high.  This  would  indicate  that  decisive  genetic 
shifts  should  be  possible  in  breeding  for  this  character.  But  since  we 
do  not  know  what  types  of  gene  action  are  involved  it  is  not  possible 
to  say  which  breeding  methods  should  be  most  effective.  Further  studies 
are  planned  to  provide  this  information. 

The  correlation  coefficients  are  within  population  correlations  calcu¬ 
lated  using  replication  means.  The  positive  total  correlation  of  weight 
and  sucrose  in  US  401(4N)  and  the  absence  of  a  significant  correlation 
in  A56-3  is  not  surprising  since  there  is  often  an  insufficient  genetic 
range  in  a  particular  variety  to  estimate  the  correlation  for  sugarbeets 
in  general.  The  positive  genetic  correlations  are  also  not  unusual  with¬ 
in  varieties.  Based  on  the  nine  populations  in  this  study,  it  was  re¬ 
ported  in  1964  that  these  correlations  were  negative  except  for  sucrose 
with  3-hydroxytyramine.  These  correlations  based  on  nine  populations 
are  likely  to  provide  a  better  estimate  of  the  correlation  in  sugarbeets. 
So  it  appears  that  within  any  one  variety  it  is  possible  to  have  corre¬ 
lations  different  than  those  across  varieties.  In  any  case  the  genetic 
correlations  in  Table  6  do  not  appear  high  enough  to  rule  out  breeding 
for  any  combination  of  the  three  characters. 

Before  the  bivariate  frequency  distributions  were  partitioned  the  uni¬ 
variate  distributions  were  adjusted  to  remove  population  and  replication 
effects.  The  resulting  distributions  had  a  common  mean  and  could  be 
compared  directly  without  assuming  normality.  Hence  it  is  a  nonparamet- 
ric  or  distribution  free  method. 
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The  identifiable  numbers  of  genetic  deviates  indicate  little  difference 
in  the  two  populations  so  far  as  breeding  potential  is  concerned.  Among 
the  three  combinations  of  characters  these  data  indicate  that  superior 
weight  and  sucrose  would  be  the  most  difficult  to  achieve.  Simultaneous 
improvement  of  weight  and  3-hydroxytyramine  or  sucrose  and  3 -hydroxy tyra 
mine  should  be  more  readily  achieved.  This  observation  is  particularly 
true  in  A56-3. 

Leaf  spot  resistance  scores  for  the  three  populations  were  not  made  in 
this  study.  In  the  1964  report  A56-3  and  US  401(4N)  were  classified 
as  resistant.  Based  on  observations  of  the  Fj  hybrid  in  1965  it  is 
considered  to  be  moderately  resistant.  This  fact  introduces  some  new 
problems  into  the  relationship  of  3-hydroxytyramine  to  leaf  spot  resist¬ 
ance.  The  high  3-hydroxytyramine  content  of  this  Fj  hybrid  is  an  excep¬ 
tion  to  the  otherwise  positive  relation  of  3-hydroxytyramine  content  and 
leaf  spot  resistance  in  the  1964  report.  Does  this  mean  that  total  3- 
hydroxytyramine  content  may  not  be  as  important  as  the  relative  quantity 
of  its  oxidizing  enzyme  or  its  capacity  to  synthesize  3-hydroxytyramine 
in  response  to  a  stimulus?  The  quantity  and  relation  of  its  oxidizing 
enzyme  polyphenoloxidase  (  7  )  is  currently  being  studied. 

Summary 

Individual  plant  data  (400  plants  per  population)  on  weight,  sucrose 
and  3-hydroxytyramine  are  presented  for  three  populations.  Variation 
in  all  three  characters  is  primarily  due  to  population  differences. 

The  3-hydroxytyramine  content  of  the  Fx  hybrid  is  inexplicably  high 
considering  its  leaf  spot  resistance.  This  introduces  some  new  ques¬ 
tions  about  the  relationship  of  3-hydroxytyramine  content  and  level  of 
Cercospora  leaf  spot  resistance. 

High  genetic  variances  for  3-hydroxytyramine  indicate  that  its  content 
could  be  shifted  through  breeding.  But  this  study  is  not  designed  to 
provide  information  about  the  types  of  gene  action  controlling  3-hy¬ 
droxytyramine  content;  hence  the  most  efficient  breeding  methods  can¬ 
not  be  proposed.  Data  from  the  partitioned  frequency  distributions 
indicate  that  simultaneously  improved  weight  and  3-hyu^-oxytyramine  or 
sucrose  and  3-hydroxytyramine  should  be  more  easily  achieved  than  im¬ 
proved  weight  and  sucrose.  Further  studies  are  planned  on  the  effect 
of  environment  and  genotype  on  3-hydroxytyramine  content  as  well  as 
its  relationship  with  its  oxidizing  enzyme,  leaf  spot  resistance, 
weight,  sucrose,  and  certain  quality  characters. 
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Sampling  for  Phenolic  Compounds— 


Interest  has  been  generated  for  further  research  on  the  phenolic  compounds 
since  Harrison  et  al.  (  7  )  published  their  article  which  described  the 
association  of  a  certain  phenolic  compound  with  resistance  to  Cercospora 
leaf  spot.  This  phenolic  compound. was  later  isolated  and  identified  as 
3 -hydroxy tyramine  by  Dr.  Gardner. -2  When  this  compound  was  oxidized,  it 
was  found  to  be  highly  toxic  to  Cercospora  beticola  growing  in  pure  cul¬ 
ture.  There  is  a  naturally  occurring  polyphenoloxidase  enzyme  in  the  leaf 
that  is  capable  of  oxidizing  the  3-hydroxytyramine.  (Genetic  studies,  p.242.) 

Both  of  these  compounds  are  currently  being  studied.  However,  preliminary 
results  indicated  that  data  for  both  characters  were  quite  variable  even 
when  samples  were  taken  from  uniform  populations.  Therefore,  work  was 
initiated  to  determine  the  stage  of  growth  at  which  the  beet  should  be 
sampled,  what  part  of  the  leaf  should  be  sampled,  etc.  The  purpose  of 
this  report  is  to  describe  some  of  the  results  obtained  from  these  studies. 

One  study  was  undertaken  to  determine  the  concentration  of  3-hydroxytyra¬ 
mine  and  polyphenoloxidase  present  at  four  stages  of  growth  in  each  of  ten 
populations  which  were  known  to  differ  in  resistance  to  Cercospora  leaf 
spot.  These  data  give  information  showing  how  the  compounds  build  up  in 
the  leaves  and  indicate  which  is  the  most  desirable  stage  to  be  sampled. 

The  four  growth  stages  when  the  leaves  were  sampled  are  as  follows: 

(1)  Taken  as  soon  as  a  sufficient  sample  for  analysis  could  be 
obtained  after  thinning,  June  15,  1964. 

(2)  Taken  when  the  leaves  were  about  one-half  fully  expanded, 

July  13,  1964. 

(3)  Taken  when  the  leaves  were  fully  expanded.  July  30,  1964. 

(4)  Taken  from  older  leaves,  August  5,  1964. 

These  samples  were  immediately  quick  frozen  and  stored  until  removed 
for  analysis  which  was  conducted  by  Mrs.  Maag. 


if  The  research  reported  here  was  conducted  in  cooperation  with 

Merle  G.  Payne,  Professor  of  Chemistry,  Colorado  State  University. 

—  Gardner,  R.  L.  1964.  Identification  of  a  compound  from  Beta  vul¬ 
garis  reported  to  be  responsbile  for  resistance  to  Cercospora 
leaf-spot.  Unpublished  PH.D.  Dissertation.  Colorado  State  Univer¬ 
sity. 
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The  analysis  of  variance  for  concentration  of  3-hydroxytyramine  and 
polyphenoloxidase  analyzed  at  various  stages  of  growth  is  listed  in 
Table  1.  The  analyses  indicate  that  the  concentrations  of  3 -hydroxy tyra- 
mine  and  polyphenoloxidase  activity  certainly  differ  when  analyzed  at 
these  stages.  There  is  also  a  stage  X  population  interaction  which  sug¬ 
gests  that  some  populations  have  a  higher  concentration  of  3-hydroxytyra- 
mine  at  one  stage  and  other  populations  have  a  higher  concentration  at 
another  stage.  The  F  values  due  to  population  variations  are  highly 
significant  which  means  there  are  significant  differences  in  the  concen¬ 
trations  of  the  phenolic  compounds  among  populations. 


Table  1.  Variance  analysis  of  concentrations  of  3-hydroxytramine  and 


Source  of 
variation 

Degrees  of 
freedom 

3-hydroxytyramine 

Polyphenoloxidase 

MS 

F 

MS 

F 

Total 

159 

Replication 

3 

191.5128 

1.1434 

0.0154 

2.2319 

Stage 

3 

15,512.7033 

92.6134 

ft* 

9.5587 

138.5319** 

Population 

9 

3,690.0512 

22.0302 

ftft 

0.0535 

7.7536** 

S  X  P 

27 

871.3069 

5.2018 

ft* 

0.0109 

1.5797 

Error 

117 

167.4995 

0.0069 

**  Denotes 

significance 

at  1%  level 

When  looking  at  the  concentration  of  3-hydroxytyramine  in  Table  2,  it 
may  be  noted,  from  the  mean  of  all  populations  at  each  stage,  that  stages 
one  and  four  do  not  differ  significantly  nor  do  stages  two  and  three; 
however,  stages  one  and  four  have  a  lower  concentration  than  do  stages 
two  and  three.  The  concentration  apparently  builds  up  in  the  leaves  as 
they  grow  and  decreases  after  the  leaves  are  fully  expanded  (see  figure 
1),  perhaps  as  a  result  of  oxidation  or  translocation.  Entries  1,  4,  6, 

8,  9,  and  10  tend  to  have  a  higher  concentration  in  stage  two  while  entries 
2,  3,  5,  and  7  seem  to  be  higher  in  stage  three.  Therefore,  either  stage 
two  or  three  would  be  the  best  time  to  analyze  for  3-hydroxytyramine  be¬ 
cause  the  concentrations  are  the  highest  then. 

The  concentration  of  polyphenoloxidase  apparently  builds  up  in  the  leaves 
as  they  grow,  much  as  the  3-hydroxytyramine  does,  but  it  does  not  decrease 
in  ol-der  leaves.  There  is  less  polyphenoloxidase  present  at  the  first 


Table  2.  Means  for  mg/lOOml  of  3-hydroxytyramine  and  optical  density  reading  for  polyphenoloxidase  at 
each  of  four  stages  of  growth. 
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3-HYDRO XYTYRAMINE  CONCENTRATION 


tug  of 

3 - hyd  roxy tyr amine 
per  100  ml  of 
leaf  extract 


P0LYPHEN0L0XIDASE  CONCENTRATION 


optical 

density 

reading 


Figure  1.  Concentration  of  3-hydroxytyramine  and  polyphenoloxidase  in 
sugarbeet  leaves  which  were  sampled  at  four  growth  stages.  Stage  1,  from 
young  leaves  after  thinning;  stage  2,  from  leaves  that  are  one-half  fully 
expanded;  stage  3,  from  fully  expanded  leaves;  stage  4,  from  older  leaves. 
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stage  than  at  the  second  stage  and  the  second  stage  has  less  than  either 
the  third  or  fourth  stages.  Stages  three  and  four  do  not  differ  signifi¬ 
cantly;  hence  the  best  time  to  obtain  samples  for  polyphenoloxidase  would 
probably  be  any  time  after  the  leaves  are  fully  expanded. 

Since  analyses  for  both  3-hydroxytyramine  and  polyphenoloxidase  can  be 
obtained  from  the  same  sample,  time  and  labor  can  be  saved  if  the  samples 
are  taken  at  one  stage.  The  third  stage  when  the  leaves  are  fully  ex¬ 
panded  is  probably  the  most  practical  because  this  is  the  time  when  the 
highest  concentrations  of  both  phenolic  compound  and  enzyme  are  attained 
in  the  leaves. 

Not  only  is  there  a  change  in  the  concentration  of  3-hydroxytyramine  with 
respect  to  the  growing  season,  but  also  a  difference  in  various  parts  of 
the  leaves  and  with  different  aged  leaves. 

When  the  leaves  were  divided  laterally  (into  tip  and  basal  halves)  the 
bottom  half  of  the  leaves  contained  considerably  larger  amounts  of  3- 
hydroxytyramine  on  a  weight  basis  than  the  top  half,  but  when  the  leaves 
were  divided  longitudinally  down  the  mid-rib  (vertically)  the  two  halves 
contained  nearly  equal  amounts  of  3-hydroxytyramine  on  a  weight  basis. 

This  was  a  consistent  finding  on  leaves  of  different  varieties  and  with 
different  aged  leaves.  The  petioles  were  much  lower  in  3-hydroxytyramine 
than  the  leaves  and  there  was  only  a  trace  present  in  the  roots .  The 
most  reliable  way  found  of  sampling  leaves  for  3-hydroxytyramine  was  to 
take  a  lateral  section  from  the  center  of  the  leaves  stacked  one  on  top 
of  another,  discarding  both  the  tip  and  the  base  of  the  leaves. 

Of  perhaps  greater  significance  was  the  comparison  of  the  concentration 
of  3-hydroxytyramine  from  different  aged  leaves  of  the  same  mature  plant. 
If  the  first  fully  mature  leaves  (usually  four)  were  taken,  the  3-hydroxy¬ 
tyramine  content  was  found  to  be  nearly  equal;  but  when  several  leaves 
were  taken  of  different  ages,  the  concentration  of  3-hydroxytyramine  var¬ 
ied  over  a  wide  range. 

Samples  were  taken  from  individual  plants.  In  one  experiment  four  leaves 
of  as  nearly  the  same  age  as  possible  were  collected  from  four  plants. 

From  four  other  plants  leaves  were  collected  starting  with  the  oldest 
living  leaf  and  working  in  toward  the  crown  and  young  leaves.  These  re¬ 
sults  are  presented  in  Table  3. 

From  Table  3  it  is  evident  that  the  concentration  of  3-hydroxytyramine 
decreases  in  the  older  leaves.  It  has  been  observed  that  Cercospora 
leaf  spot  attacks  older  leaves  and  only  rarely  do  spots  appear  on  young 
leaves — even  in  leaves  of  a  susceptible  variety.  This  is  true  for  many 
leaf  spotting  diseases.  Possibly  the  higher  concentration  of  3-hydroxy¬ 
tyramine  may  be  related  in  some  manner  to  the  resistance  of  the  young 
leaves  to  attacks  of  Cercospora  beticola. 


The  information  shown  in  Tables  2  and  3  appears  conflicting;  however, 
the  data  shown  in  Table  2  come  from  plants  of  different  growth  stages 
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Table  3.  3-hydroxytyramine  content  in  leaves  of  same  age. 


Plant  number 

Weight  of 

leaf 

mg  3-hydroxytyramine 
per  100  ml  extract* 

1 

16.0 

mature 

leaf 

5.0 

9.7 

mature 

leaf 

11.0 

12.0 

mature 

leaf 

6.5 

13.0 

mature 

leaf 

5.5 

2 

6.3 

mature 

leaf 

31.5 

10.0 

mature 

leaf 

17.0 

6.8 

mature 

leaf 

21.5 

7.0 

mature 

leaf 

21.5 

3 

8.9 

mature 

leaf 

18.0 

9.6 

mature 

leaf 

14.0 

10.7 

mature 

leaf 

13.5 

7.7 

mature 

leaf 

12.0 

4 

11.0 

mature 

leaf 

3.0 

8.8 

mature 

leaf 

4.5 

11.0 

mature 

leaf 

2.5 

11.2 

mature 

leaf 

2.0 

3-hydroxytyramine  content  in  leaves 

of  varying  ages 

5 

3.5 

young  leaf 

25.0 

4.7 

mature  leaf 

17.5 

15.5 

old  leaf 

4.0 

6 

3.3 

very  young  leaf 

143.5 

5.2 

young  leaf 

145.0 

12.0 

mature  leaf 

37.0 

20.0 

old  leaf 

8.0 

7 

3.7 

very  young  leaf 

90.5 

4.9 

young  leaf 

56.5 

17.0 

mature  leaf 

8.5 

34.0 

old  leaf 

2.5 

8 

3.0 

young  leaf 

99.5 

5.8 

mature  leaf 

26.0 

18.0 

old  leaf 

2.5 

*  this  value  is  based  on  the  weight  of  the  leaf 
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while  the  data  shown  in  Table  3  are  obtained  from  mature  plants.  Leaves 
from  seedlings  will  contain  less  3-hydroxytyramine  than  leaves  from  older 
plants  while  the  younger  leaves  on  that  older  plant  will  contain  more 
3-hydroxytyramine  than  its  older  leaves. 

An  attempt  was  made  to  determine  the  effect  of  injury  upon  the  concentra¬ 
tion  of  3-hydroxytyramine  in  the  leaves.  Fresh  leaves  were  placed  in 
moist  chambers  for  periods  up  to  24  hours.  One  vertical  half  of  the  leaf 
was  used  as  a  control  and  the  other  half  as  a  treatment,  but  the  leaves 
were  kept  intact  until  analysis. 

When  one-half  of  the  leaf  was  injured  by  scratching  with  very  fine  emery 
cloth  there  was  always  an  increase  in  3-hydroxytyramine  in  the  injured 
half  of  the  leaf  compared  to  the  opposite  half  receiving  no  injury.  Leaves 
were  divided  down  the  mid-rib  for  analysis.  Injury  by  scratching  and 
applying  a  solution  of  ground  Cercospora  beticola  fungus  may  have  increased 
the  3-hydroxytyramine  more  than  scratching  alone,  but  due  to  the  unequal 
injury  by  scratching  no  conclusions  could  be  drawn. 

The  amount  of  increase  in  3-hydroxytyramine  in  injured  tissue  did  not 
appear  to  have  any  relation  to  the  amount  of  3-hydroxytyramine  in  the 
uninjured  portion  of  the  leaf.  This  again  may  have  been  more  due  to 
variable  injury  than  to  any  basic  property  of  the  leaves.  However,  it 
is  possible  that  the  resistance  of  a  plant  may  depend  more  on  its  ability 
to  synthesize  3-hydroxytyramine  upon  injury  than  any  original  concentration 
present. 

These  results  may  have  significance  when  the  biochemical  nature  of  disease 
resistance  is  better  understood. 
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1965  Phenolic  Compound  Study  in  a  Series  of  S]_  Lines 


This  study  was  a  continuation  of  research  into  the  relationships  of 
Cercospora  leaf  spot  resistance  with  various  plant  characters  including 
3-hydroxytyramine  which  Harrison  et  al.  (  7  )  had  identified  as  a 
phenolic  compound.  They  also  indicated  that  it  was  associated  with 
leaf  spot  resistance.  The  characters  studied  were  leaf  spot  resistance, 
root  weight,  percentage  sucrose,  percentage  apparent  purity,  3-hydroxy- 
tyramine,  and  poiyphenoloxidase  which  is  the  enzyme  capable  of  oxidiz¬ 
ing  3-hydroxytyramine  resulting  in  a  substance  toxic  to  the  leaf  spot 
organism.  This  was  a  joint  study  conducted  by  chemistry,  genetics, 
and  pathology  in  cooperation  with  M.  Payne  of  the  Chemistry  Department, 
Colorado  State  University.  J.  0.  Qaskill  obtained  disease  readings 
from  the  plants  grown  in  his  leaf  spot  nursery, while  M.  Harrison  and 
G.  W.  Maag  determined  concentrations  of  3-hydroxytyramine  and  polyphenol- 
oxidase  in  leaves  from  disease-free  plants  of  the  same  populations  grown 
on  the  Colorado  State  University  Agronoiry  Research  Center.  Measurements 
of  root  weight,  percentage  sucrose,  and  percentage  purity  obtained  by 
the  genetics  section  were  made  on  the  same  plots  from  which  the  chemical 
samples  were  determined.  It  was  necessary  to  grow  the  plants  on 
separate  areas  so  that  the  characters  other  than  leaf  spot  resistance 
could  be  determined  on  healthy  plants.  The  relationships  of  these 

characters  are  sometimes  different  when  they  are  obtained  from  diseased 
plants . 

The  study  was  based  on  selfed  lines  of  A56-3  and  A56-3,  itself ;  this  is 
an  open-pollinated  commercial  variety  adapted  to  the  east  slope  of  the 
mountains.  Four  hundred  forty  random  roots  of  A56-3  were  transplanted 
to  the  selling  plots  in  196I|.;  180  of  these  plants  produced  enough  seed 
under  the  bags  so  that  'they  could  be  planted  in  the  two  tests  as  one 
row  plots.  Since  there  was  only  enough  seed  for  a  single  row  plot  in 
each  area,  the  experiment  was  designed  such  that  there  were  10*  blocks  in 
the  field.  Each  block  contained  20  entries;  18  were  S]_  lines  and  the 
remaining  two  were  entries  of  A56-3  which  were  arbitrarily  assigned 
entry  numbers  1  and  2.  Since  A56-3  appeared  twice  in  each  block,  it 
would  have  been  possible  to  adjust  for  block  effect  if  there  had  been 
any  significant  differences  between  blocks. 

All  data  were  taken  on  the  plot  basis.  Since  root  weight,  percentage 
sucrose,  and  3-hydroxytyramine  measurements  were  available  on  the  parents 
and  their  progeny,  regression  analysis  of  progery  on  parent  were  com¬ 
puted  to  obtain  an  estimate  of  narrow  sense  heritability.  This  estimate 
indicates  the  proportion  of  the  phenotypic  variance  that  was  accounted 
for  by  the  additive  effect  of  genes  controlling  the  character  of 
interest.  Correlations  were  also  calculated  to  obtain  the  relationships 
between  the  six  characters. 
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Results 


An  analysis  of  variance  for  each  character  was  run  on  the  two  entries 
of  A56-3  in  the  10  blocks;  in  no  case  was  the  block  variance  signifi¬ 
cant.  Therefore,  no  adjustments  were  made  within  blocks.  The  means  of 
A56-3  and  the  Si  lines  for  each  character  are  shown  in  Table  4. 


Table  4.  Population  means  for  various  char¬ 
acters  measured  in  A  56-3  and  the  Si  lines. 


Character 

Means 

A56-3 

Si  lines 

Weight 

8.£0 

n.93 

Sucrose 

15.28 

Ill.  87 

Purity 

0.93 

0.92 

3-hydroxytyramine 

5o.6o 

50.35 

Polyphenoloxidase 

1.21 

1.19 

Leaf  spot  reading 

3-UO 

U.o6 

Correlation  coefficients  for  the  relationships  between  characters  are 
shown  in  Table  5,  It  should  be  noted  that  the  degrees  of  freedom  for 
r  differ  between  the  St  lines  and  A56-3,  accounting  for  the  differences 
in  the  point  at  which  the  correlation  is  significant. 

Weight  tended  to  be  negatively  correlated  with  sucrose  in  the  Si  lines 
and  with  leaf  spot  readings  in  A56-3.  Since  leaf  spot  readings  are 
scaled  so  that  the  more  resistant  plants  are  given  a  lower  value  than 
the  more  susceptible  plants,  the  negative  correlation  between  -root 
weight  and  leaf  spot  readings  means  that  the  plants  having  heavier  root 
weights  are,  on  the  average,  more  resistant  to  the  leaf  spot  organism. 
It  must  be  remembered  that  only  the  leaf  spot  readings  were  made  in  the 
disease  nursery.  The  correlations  of  weight  with  the  other  three  char¬ 
acters  appeared  to  differ  between  populations;  however,  the  differences 
were  not  statistically  significant.  Root  weight  of  the  Si  lines  had 
little  association  with  purity  and  3-hydroxytyramine  but  tended  to  be 
negatively  correlated  with  polyphenoloxida.se.  The  root  weight  of  A5>6-3 
appeared  to  be  negatively  associated  with  purity  and  3-hydroxytyramine 
but  had  very  little  association  with  polyphenoloxidase .  If  selection 
in  the  Si  lines  was  based  on  high  weight,  the  selected  lines  would  tend 
to  be  lower  in  sucrose  and  polyphenoloxidase. 


Table  S.  Correlation  coefficients  (r)  between  various  characters  of  the  lines,  Af>6-3 
and  both  populations  combined. 
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indicates  significance  at  the  5%  level.  indicates  significance  at  the  1%  level. 
Degrees  of  freedom  for  the  lines  are  175*  2 /  Degrees  of  freedom  for  .A5>6-3  are 
Degrees  of  freedom  for  the  combined  populations  are  193- 
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Percentage  sucrose  in  both  populations  was  positively  associated  with 
leaf  spot  readings  and  particularly  purity.  It  was  negatively  correlated 
with  weight  and  had  little  association  with  polyphenoloxidase  and 
3-hy droxy  tyr  ami  ne .  If  selection  in  the  S1  lines  was  based  upon  high 
percentage  sucrose,  the  selections  should  generally  have  a  smaller  root, 
be  higher  in  purity,  and  would  tend  to  be  more  susceptible  to  leaf  spot. 

Percentage  purity  in  the  S]_  lines  tended  to  be  positively  associated  with 
percentage  sucrose  especially;  there  was  very  little  association  with  the 
other  characters.  Similar  relationships  held  for  A56-3  except  weight  and 
purity  were  negatively  associated.  If  high  percentage  purity  was  the 
criterion  for  selection  in  the  S]_  lines,  the  selections  would  tend  to  be 
higher  in  sucrose. 

3-hydroxytyramine  in  the  S]_  lines  was  negatively  associated  with  poly¬ 
phenoloxidase  and  leaf  spot  readings.  There  was  little  association  with 
the  other  characters.  3-hydroxytyramine  in  A56-3  was  negatively  as¬ 
sociated  with  root  weight;  otherwise,  the  relationships  were  similar  to 
those  in  the  lines.  When  selecting  for  high  3-hydroxytyramine  in  the 
S]_  lines,  the  selections  would  tend  to  have  lower  concentration  of  poly¬ 
phenoloxidase  and  higher  leaf  spot  resistance. 

Polyphenoloxidase  in  the  S]_  lines  was  negatively  associated  with  root 
weight  and  parti cularily  3-hydroxytyramine  and  was  positively  associated 
with  leaf  spot  readings  and  had  little  association  with  percentage 
sucrose  or  purity.  Polyphenoloxidase  in  A56-3  was  negatively  correlated 
with  3-hydroxytyramine.  If  selection  in  the  S]_  lines  was  based  on  poly¬ 
phenoloxidase,  the  selections  would  tend  to  have  smaller  roots  which 
would  be  lower  in  amounts  of  3-hydroxytyramine  and  the  plants  would  tend 
to  be  more  susceptible  to  leaf  spot. 

Leaf  spot  readings  of  the  lines  were  positively  correlated  with 
percentage  sucrose  and  polyphenoloxidase  and  were  negatively  associated 
with  3-hydroxytyramine.  There  was  very  little  association  with  root 
weight  and  purity.  The  leaf  spot  readings  of  A56-3  had  similar  as¬ 
sociations  with  the  other  characters  except  that-* it  w'ls  r.  Igatively 
associated  with  root  weight.  If  the  Sp  lines  were  selected  for  leaf 
spot  resistance,  there  would  be  a  tendency  for  the  selections  to  have  a 
lower  sugar  content  and  the  polyphenoloxidase  would  be  lower,  but  the 
3-hydroxytyramine  content  would  be  greater. 

The  progeny-parent  regression  coefficients  for  weight,  sucrose,  and 
3-hydroxytyramine  which  are  narrow  sense  heritability  estimates ?  are 
shown  in  Table  6  along  with  the  progeny -parent  correlations.  The  regres¬ 
sion  and  correlation  coefficients  were  determined  from  data  collected  on 
the  S i  lines  in  1965  and  from  data  on  the  individual  parents  in  1963- 
According  to  Falconer  (3),  the  regression  of  progeny  on  mid-parent  is 
a  measure  of  the  narrow  sense  heritability;  it  is  an  estimate  of  the 
phenotypic  variance  accounted  for  by  variance  due  to  additive  genes.  In 
the  case  of  self  fertilization  the  value  for  the  parent  is  the  same  as 
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the  raid-parent  value  in  cross  fertilization.  Thirty-five  percent  of  the 
phenotypic  variance  in  weight  was  accounted  for  by  additive  variance, 

26  percent  of  that  in  sucrose  was  due  to  additive  genes,  and  29  percent 
of  the  total  variance  in  3-hydroxytyramine  was  due  to  additive  variance. 
The  proportion  of  additive  variance  in  weight  has  been  lower  in  previous 
experiments;  but  as  is  the  case  for  any  heritability  estimate,  conclu¬ 
sions  drawn  from  these  data  should  be  applied  only  to  this  particular 
population  of  S]_  lines. 

The  parent  and  progeny  measurements  for  weight,  sucrose,  and  3-hydroxy  - 
tyramine  were  correlated  and  it  was  found  that  the  Sp  lines  which  had 
high  sucrose  had  parents  that  also  had  high  sucrose.  The  same  relation¬ 
ship  existed  for  3-hydroxytyramine  and  weight;  however,  the  weight 
correlation  coefficient  was  not  significant.  This  could  be  the  result 
of  poor  stands  for  some  of  the  S]^  lines  which  would  directly  affect  root 
weight. 

A  crude  method  of  estimating  broad  sense  heritability  was  used  for  the 
three  characters.  Since  the  data  obtained  from  A56-3  as  well  as  the 
lines  were  measured  on  the  plot  basis  and  not  as  individual  plants,  the 
A56-3  data  should  have  very  little  genetic  variance.  Therefore,  plot 
measurements  on  A56-3  can  be  used  to  estimate  the  environmental  variance 
which  is  then  subtracted  from  the  total  variance  of  the  Sp  lines  leaving 
an  estimate  of  their  total  genetic  variance.  This  ratio  of  total  genetic 
variance  to  total  variance  estimates  broad  sense  heritability  and  indi¬ 
cates  the  expected  progress  from  selection  if  one  is  using  a  breeding 
method  which  capitalizes  on  both  additive  and  nonadditive  gene  action. 
These  calculations  are  summarized  in  Table  7,  The  broad  sense  herit¬ 
ability  estimates  for  weight  and  sucrose  are  0.62  and  O.lj.9,  respectively. 
When  these  estimates  are  compared  with  estimates  from  previous  experi¬ 
ments  with  similar  material  they  appear  to  be  reasonable.  Therefore, 
this  method  should  give  a  reasonable  estimate  for  3-hydroxytyramine . 

The  estimate  obtained  was  0.1|0  which  implies  that  some  progress  could  be 
made  among  these  S]_  lines  when  selecting  for  high  3-hydroxytyramine  pro¬ 
vided  the  proper  breeding  method  was  used,  but  not  as  much  as  for  weight 
and  sucrose.  When  the  narrow  sense  heritability  estimate  for  3-hydroxy¬ 
tyramine  from  Table  6  is  compared  with  the  broad  sense  heritability 
estimate,  it  appears  that  most  of  the  genetic  variability  is  due  to 
additive  genes.  A  larger  proportion  is  indicated  than  in  the  case  of 
weight  or  sucrose.  This  indicates  that  mass  selection  within  these  Si 
lines  should  be  an  effective  means  for  selecting  lines  having  high 
concentrations  of  3-hydroxytyramine. 
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Table  6.  Narrow  sense  heritability  estimates  from  progeny-parent 
regression  and  progeny-parent  correlations  for  weirht,  sucrose,  and 
3 -hydroxy  tyramine . 


Character 

Heritability 

h2 

Correlation 

coefficient 

Weight 

0.35 

0.1077 

Percentage  sucrose 

0.26 

0.3715** 

3-hydroxy  tyramine 

0.29 

0.2700** 

Table  7.  Broad  sense  heritability  estimates  of  the  pooled  Sp  lines. 


Character 

Total 
variance 
of  Si 
lines 

Estimated 

environmental 

variance 

Genetic 

variance 

Heritability 

ratio 

(broad  sense) 

Weight 

J4.696O 

1.7863 

2.9097 

0.62 

Percentage  sucrose 

1.5387 

0.7788 

0.7599 

0.U9 

3 -hydroxy  ty r amine 

981.6705 

587.7000 

393.9705 

0.1*0 
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Conclusions 


Perhaps  the  most  important  information  derived  from  this  experiment  is 
the  fact  that  high  3-hydroxy tyramine  in  disease-free  plants  is 
associated  with  high  leaf  spot  resistance.  High  concentrations  of 
either  or  both  3-hydroxytyramine  and  its  oxidizing  enzyme,  polyphenol- 
oxidase,  are  thought  to  be  necessary  for  high  leaf  spot  resistance  but 
it  appears  that  selection  for  iiigh  amounts  of  both  compounds  simul¬ 
taneously  would  be  somewhat  difficult.  One  might  theorize  that  the 
negative  correlation  between  the  two  may  be  due  to  the  fact  that  high 
concentrations  of  polyphenoloxidase  will  oxidize  the  3-hydroxytyramine; 
therefore,  3-bydroxytyramine  will  not  be  allowed  to  accumulate.  The 
presence  of  3-hydroxytyramine  in  high  concentrations  may  indicate  the 
lack  of  enough  polyphenoloxidase  to  oxidize  the  3-bydroxytyramine  as 
fast  as  it  is  produced.  However,  this  type  of  mechanism  is  not  the  en¬ 
tire  answer  because  a  few  Sp  lines  had  high  concentrations  of  both  com¬ 
pounds,  so  it  should  be  possible  to  make  some  progress  by  selecting  for 
both  characters  simultaneously.  This  experiment  indicates  that  a  con¬ 
siderable  portion  of  bhe  3-hydroxytyramine  variance  is  due  to  additive 
genes  which  means  that  mass  selection  should  be  an  effective  method  of 
selecting  for  high  3-hydroxytyramine  lines. 
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Attempted  Transmission  of  Cytoplasmic  Male  Sterility  across  a  Vegetative 

Gra^t  In  Sugarbeets 

Richard  J .  Hecker 


Introduction 

This  experiment  was  conducted  for  the  purpose  of  detecting  the 
possible  transmission  of  a  cytoplasmic  male  sterility  factor  across 
a  vegetative  graft  in  sugarbeet  (Beta  vulgaris  L.).  Such  an  occurrence 
would  not  only  be  of  academic  interest  but  would  be  of  great  practical 
value,  since  it  would  provide  a  rapid  and  economical  means  of  convert¬ 
ing  0  type  (non-restorer)  sugarbeet  populations  to  the  cytoplasmic  male 
sterile  state. 


Graft  induced  transmission  of  cytoplasmic  male  sterility  to  progeny  in 
Petunia  has  been  demonstrated  by  Frankel  (  4 ),  who  reported  that  male- 
fertile  scions  grafted  on  cytoplasmic  male-sterile  stocks,  though 
remaining  phenotypically  unaltered,  produced  some  male-sterile  progeny. 
Edwardson  and  Corbett  (  2  )  generally  agreed  with  this  result.  Frankel 
(5)  has  published  experiments  corroborating  his  initial  results. 

Sand  (10)  was  unable  to  detect  a  graft  transmission  of  cytoplasmic  male 
sterility  in  tobacco  and  concluded  that  it  is  not  an  easily  repeatable 
or  else  is  not  a  general  phenomenon  in  plants. 


Materials  and  Methods 


Plants  of  five  populations  were  grafted  by  two  methods  at  two  stages 
of  growth.  All  grafting  was  done  in  the  greenhouse  a t  Fort  Collins, 
Colorado  in  1962  and  1963.  The  following  populations  were  used: 


52-305CMS  green  hypocotyl,  white  root  (rryy);  inbred;  an 

excellent  cytoplasmic  male-sterile  line;  used  as 

the  stock  (except  in  four  cases). 

c> 

52-307  red  hypocotyl,  white  root  (RRyy);  inbred;  0  type; 

used  as  a  scion  (except  in  one  case). 


52-407 


red  hypocotyl ,  red  root  ( RRYY ) ;  inbred ;  0  type ; 
used  as  a  scion  (except  in  two  cases). 


54-346 


RRYY;  inbred;  0  type;  used  as  a  scion  (except  in 
one  case). 


A62-2 


rryy;  annual  (BB);  0  type;  used  as  a  scion. 


The  two  growth  stages  at  which  grafting  was  done  were  14  to  16  days 
after  planting  (cotyledon  stage)  and  26  to  36  days  after  planting 
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(one- to  three- leaf  stage).  A  stock  and  its  scion  were  always  the  same 
age.  The  two  methods,  wrapped  and  clipped,  were  modifications  of  an 
approach  graft.  Both  stock  and  scion  plants  were  split  through  the 
meristematic  point  with  the  split  tapering  out  about  1/4  to  1/2  inch 
down  the  hypocotyl.  The  split  faces  were  matched  as  nearly  as  possible 
and  in  the  wrapped  method  were  bound  using  silk  thread  and  a  fly  tying 
bobbin.  In  the  clipped  method  a  spring-loaded  hair  clip  was  used  to 
hold  the  cut  faces  of  stock  and  scion  together.  The  roots  of  both 
stock  and  scion  were  placed  into  the  soil  of  the  transplanting  tube. 

The  thread  was  removed  about  20  days  after  grafting  and  the  stock 
crown  and  scion  root  were  cut  about  30  days  after  grafting.  The  con¬ 
striction  of  the  thread  necessitated  its  early  removal.  In  the  case 
of  the  clipped  graft,  the  stock  crown  and  scion  root  were  severed  after 
about  15  days* but  the  clips  were  left  in  place  for  about  45  days.  All 
grafted  plants  were  kept  in  a  high  humidity  chamber  until  the  graft 
union  was  established.  The  two  methods  are  compared  in  the  results 
section. 

A  few  cleft  grafts  were  attempted,  none  of  which  survived  to  the 
flowering  stage. 

All  plants  were  periodically  checked  and  corrected  for  scion  rooting 
and  stock  budding;  the  latter  was  not  a  problem. 

Following  is  a  list  of  the  successful  grafts: 


Class 

Scion  and  stock 

Number  of  grafts 

I 

52-307  on  52-305CMS 

40 

II 

52-407  on  52-305CMS 

37 

III 

52-346  on  52-305CMS 

-  23 

IV 

A62-2  oh  52-305CMS 

5 

V 

52-305CMS  on  52-307 

1 

VI 

52-305CMS  on  52-407 

2 

VII 

52-305CMS  on  54-346 

1 

Three  plants 

each  of  classes  II  and 

III  had  their  st?>c]v  crowns  left 

intact  but  their  scion  roots  severed.  Hence  they  were  double  crown 
plants.  Asexual  cuttings  were  made  from  all  scions. 

All  scion  plants  were  examined  for  male  sterility,  then  self- 
pollinated  and/or  pollinated  by  52-307,  54-346,  or  A62-2,  The 
progeny  were  in  turn  examined  for  male  sterility. 

The  four  plants  of  classes  V,  VI,  and  VII  were  included  to  detect 
graft  transmission  of  male  fertility. 

Results 

Grafting  successes  are  outlined  in  Table  1.  Grafts  using  plants  in 

the  cotyledon  stage,  held  together  with  the  clips,  were  most  often 
successful. 
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Table  1,  Effect  of  age  of  plant  and  method 
populations  considered. 

on  grafting 

success;  all 

Age  and  method 

Number  of 
attempts 

Number  of 

successes 

Percent 

successes 

14-16  days  after  planting: 

Wrapped 

200 

21 

10 

Clipped 

175 

49 

28 

26-36  days  after  planting: 

Wrapped 

75 

9 

12 

Clipped 

180 

30 

17 

Totals 

630 

109 

17 

The  105  scions  grafted  on  52-305CMS  were  examined  for  pollen  sterility. 
There  was  no  indication  of  male  sterility;  no  sterile  plants,  branches 
within  plants,  flowers  with  branches,  or  anthers  within  flowers. 

Self-pollinated  seed  was  obtained  from  98  of  the  205  scions.  In  each 
of  these  98  progeny  lines,  5  to  30  plants  were  examined  for  pollen  ste¬ 
rility.  There  was  no  indication  of  male  sterility  among  plants  or 
within  plants. 

Hybrid  seed  was  obtained  from  13  of  35  attempted  crosses.  Following 
are  the  successful  crosses: 

(52-307  on  52-305CMS)  X  54-346, F  6  plants 

(52-307  on  52-305CMS)  X  A62-2,F  1  1  plant 

(52-407  on  52-305CMS)  X  A62-2,F^  6  plants 

The  hybrids  were  identifiable  since  54-346  had  a  red  root  and  A62-2 
was  annual.  These  inbreds  used  as  scions  (52-307  and  52-407;  are 
highly  self- fertile 9  partially  accounting  for  the  few  hybridizations. 
Also  the  flowering  date  of  the  male  and  female  did  not  exactly  coincide 
in  certain  crosses.  In  each  of  these  13  F^  hybrids,  1  to  20  plants 
were  examined  for  male  sterility.  There  was  no  indication  of  pollen 
sterility  among  or  within  plants. 

The  six  plants  in  which  the  stock  crown  was  left  intact  were  brought 
to  flower.  The  inflorescences  from  the  stock  were  completely  sterile; 
those  from  the  scion  all  fertile. 

In  the  case  of  the  four  plants  where  52-305CMS  was  used  as  the  scion, 
the  scions  remained  completely  male-sterile.  These  scions  were 
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pollinated  by  54-346.  Five  plants  from  each  of  the  resulting  four  F, 
hybrids  were  completely  sterile. 

The  asexual  cuttings  were  not  used  since  no  indication  of  male  sterility 
was  found  in  their  clones  or  in  progeny  from  their  clones. 

Discussion 

With  refinements  and  practice  in  the  grafting  techniques,  it  is  likely 
that  most  seedling  grafts  would  be  successful. 

The  109  graft  combinations  in  this  study  maintained  phenotypic  autonomy 
for  at  least  eight  months.  In  the  case  of  Frankel's  work  with  Petunia 
(  5  ), the  scions  and  stocks  remained  unaltered  for  up  to  3  1/2  years. 

It  was  among  the  self-pollinated  and  progeny  of  Petunia  that  some 
plants  were  male-sterile;  the  proportion  of  male-sterile  progeny  appeared 
to  be  genotypically  controlled. 

There  was  no  indication  of  sterility  in  any  of  the  self-pollinated  or 
hybrid  progeny  of  sugarbeets  in  this  study.  The  negative  results  of 
this  study  contribute  very  little  to  the  explanation  of  the  nature  of 
cytoplasmic  male  sterility,  Gabelman  (  6  ),  working  in  corn,  concluded 
that  the  cytoplasmic  male  sterility  factor  was  particulate  and  that 
reproduction  and  distribution  of  the  particle  was  quite  similar  to  that 
of  chromosomes.  He  was  doubtful  that  a  virus  would  be  so  dependent  on 
chromosome  division  for  its  reproduction  and  distribution.  Edwardson 
and  Corbett  (2),  however,  suggest  that  cytoplasmic  male  sterility  in 
Petunia  is  analogous  to  a  disease  resulting  from  a  virus  infection. 
Frankel  (  5  ),  in  order  to  account  for  scion  autonomy,  suggests  a  "geno- 
type-cytotype  interaction"  as  being  responsible  for  the  activation  or 
production  of  the  "virus".  Assuming  that  the  cytoplasmic  male  sterility 
factor . in . sugarbeets  is  particulate  it  clearly  is  not  a  normal  virus, 
since  it  is  axiomatic  that  viruses  are  transmitted  by  grafting  between 
individual  plants  of  a  type  which  they  can  infect  systemically . 

It  would  appear  that  transmission  of  cytoplasmic  male  sterility  across 
a  graft  union  in  sugarbeets  is  not  a  common  occurrence.  Hence  it  is 
not  likely  that  grafting  will  ever  be  an  effective  means  of  converting 
0-type  populations  to  a  cytoplasmic  male-sterile  condition. 


uni! i ia 4.  y 


Transmission  of  a  cytoplasmic  male  sterility  or  fertility  factor  through 
a  grart  union  was  attempted  in  sugarbeets.  One  hundred  nine  seedling 
a.  s  were  made.  All  graft  combinations  maintained  phenotypic  autonomy, 
.mong  rne  self-pollinated  and  hybrid  progeny  of  the  scions  there  was  no 
-ndication  of  transmission  of  a  factor  for  male  sterility  or  fertility. 
ie  transmission  of  a  factor  for  cytoplasmic  male  sterility  through  a 

ft  is  ?e^n0t-aPPear  t0  be  3  COmm°n  occurrence  in  sugarbeets,  and 

it  is  doubtful  that  it  can  ever  be  an  effective  means  of  producing  cyto¬ 
plasmic  male-sterile  populations.  R  y 
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Computer  Method  for  Calculating  Percentage  Apparent  Purity  of  Sugarbeet  1  , 

Thin  Juice  Directly  from  the  Polarization  and  Refractometer  Reading  — 


George  A.  Milliken 


y 


Apparent  thin  juice  purity,  determined  on  press  juice  which  has  been 
defecated,using  lime  and  partially  neutralized  with  oxalic  or  phosphoric 
acid  so  that  factory  thin  juice  is  approximated,  has  become  a  common 
analysis  used  in  sugarbeet  research  laboratories.  The  calculation  of 
percentage  apparent  purity  from  the  polarization  and  refractometer  read¬ 
ing  for  the  thin  juice  is  a  time-consuming  and  costly  operation  when  it 
is  done  manually.  Hence  a  method  was  developed  to  compute  this  purity 
on  an  electronic  computer.  A  computer  is  capable  of  calculating  several 
hundred  purities  per  minute,  depending  upon  size  and  speed  of  the  machine. 
The  main  advantage  of  using  a  computer  is  the  elimination  of  human  varia¬ 
tion  in  the  calculating  and  checking  processes.  A  computer  is  capable 
of  doing  a  routine  operation,  such  as  this,  with  high  accuracy  and  low 
cost.  The  purity  of  thin  juice  is  being  studied  more  and  more  by  plant 
breeders  because  of  its  importance  in  sugar  production.  With  this  ma¬ 
chine  method  of  purity  calculation,  the  plant  breeder  will  be  able  to 
do  more  research  with  the  purity  character. 

The  purity  of  a  sugar  solution  may  be  defined  as  the  percentage  of  total 
solids  (dry  substance)  of  the  solution  which  is  sugar  as  expressed  in  the 
simple  formula: 


Purity  = 


percent  sucrose 

percent  solids 


[1] 


The  laboratory  process  used  to  determine  percent  purity  for  which  this 
computation  program  is  worked  out  employs  a  refractometer  and  a  sacchari 
meter.  The  refractometer  provides  the  refractive  index  and  the  sacchari- 
meter  the  polarization  of  the  thin  juice.  Because  the  thin  juice  is  a 
mixed  solution  and  the  above  two  readings  are  based  on  the  refractive 
index  and  polarization  of  a  pure  sucrose  solution,  the  resultant  deter¬ 
mination  is  called  "apparent  purity"  or  more  specif icaliy  as  proposed 
by  Noel  Deerr  (  l)  "polarization  refractive  purity". 

A  sample  of  the  juice  having  an  unknown  purity  is  placed  in  a  Bausch  and 
Lomb  precision  refractometer  and  a  reading  is  taken.  The  refractive  dry 
substance  (RDS)  is  read  from  refractometer  conversion  tables.  The  remain 
der  of  the  juice  is  poured  into  the  saccharimeter  and  a  reading  taken. 


—  Acknowledgment  is  given  the  breeding  research  staff  of  the  Great 
Western  Sugar  Company  for  their  conceptual  and  material  contributions 
to  the  development  of  this  computer  method. 

2/  Graduate  Fellow  in  the  Statistics  Laboratory  at  Colorado  State 
University. 
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Using  the  refractive  dry  substance  and  the  saccharimeter  reading  (direct 
polarization),  the  apparent  purity  is  calculated  on  a  Durity  wheel. 

Apparent  purity  may  also  be  calculated  by 

APPARENT  PURITY  =  FACTOR  X  DIRECT  POLARIZATION  [2] 


where  the  factor  is  determined  by 


FACTOR 


_ 26.00  x  100 _ 

99.718  x  sp.  gr.  x  Brix 


[3] 


where 


26.00  is  the  "normal  weight"  for  sucrose  — ' 

99.718  is  the  apparent  density  of  water  at  20°  C 

sp.  gr.  is  the  apparent  specific  gravity  at 

20°/20°  C  water  for  the  Brix  of  the  solution. 

Brix  in  this  case  is  refractive  dry  substance. 

tor  an  example  of  the  manual  procedure,  consider  a  sample  of  thin  juice 
with  a  polarization  of  40.3  and  a  ref ractometer  reading  of  24.29.  From 
the  refractometer  conversion  tables,  the  RDS  is  read  to  be  11.70.  Next, 
using  the  purity  wheel,  line  up  the  polarization  with  the  RDS  and  read 
the  purity  to  be  85.7.  Some  error  could  easily  be  introduced  into  the 
calculation.  Tor  example,  if  the  RDS  would  have  been  11.73,  it  would  be 
hard  to  gauge  exactly  the  position  of  the  hairline  since  the  wheel  is 
not  finely  scaled.  This  error  could  be  as  high  as  0.2  for  the  final 
purity.  Another  place  for  error  is  where  the  RDS  is  too  small  and  the 
tables  must  pe  used  to  obtain  the  purity.  Most  of  these  tables  are  in 
increments  of  0.05  on  the  RDS  scale  and  one  must  interpolate  when  a  value 
of  / . 3 8 ,  for  instance,  occurs.  In  this  example,  the  calculation  would 
usually  be  made  at  7.40.  This  small  discrepancy  when  applied  to  many 


Bates,  trederick  J.  and  Associates.  1942.  Polarimetry  and  Sacchari- 
metry  and  the  Sugars.  Cir.  C440,  U.S.  Dept,  of  Commerce,  National  Bureau 

of  Standards,  p.  79. 

’(b)  It  is  recommended  that  the  polarization  of  the  normal  solution 
(26.000  g  of  pure  sucrose  dissolved  in  100  ml  and  polarized  at  20°  C 
in  a  200  mm  tube  using  white  light  and  the  dichromate  filter  as  defined 
by  the  Commission)  be  accepted  as  the  basis  of  calibration  of  the  100° 
point  on  the  International  Sugar  Scale." 

Since  the  polarization  is  proportional  to  concentration,  the  percentage 
’ar  in  a  solution  is  the  saccharimeter  reading  x  0.26  which  occurs  in 

the  numerator  of  the  formula. 
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samples  could  introduce  some  error. 

The  computer  method  for  calculating  the  percentage  apparent  purity  is 
to  let  a  computer  determine  the  refractive  dry  substance  from  the  refracto- 
meter  reading  and  then  perform  the  calculation  usually  carried  out  on  the 
purity  wheel.  Because  of  the  large  tables  which  are  required,  two  equa¬ 
tions  were  obtained  to  replace  them.  The  first  equation  approximates  the 
refractive  dry  substance  table,  and  the  second  equation  approximates  the 
FACTOR  (equation  [3])  to  be  used  in  the  purity  equation,  [2], 

A  computer  was  used  to  determine  accurate  equations  from  the  tables. 

This  process  consists  of  fitting  a  polynomial  equation  to  the  points  in 
the  table  by  using  a  polynomial  fit  computer  program.  For  the  refractive 
dry  substance  the  data  points  used  were  all  the  refractometer  readings 
and  their  RDS  values  (23.91,  10.40;  23.92,  10.44;  etc.)  from  the  refracto¬ 
meter  conversion  tables. 

Rice  (9)  calculated  a  table  of  factors  using  equation  [3],  the  factors 
being  wholly  determined  by  the  dry  substance.  The  graph  of  the  table  was 
hyperbolic  in  form.  Thus  in  order  to  use  the  polynomial-fit  program,  the 
points  in  the  table  (0.5,  52.0461;  1.0,  25.9725;  1.5,  17.2814;  etc.)  were 
transformed  by  multiplying  each  factor  by  the  corresponding  dry  substance. 
The  transformed  data  (0.5,  26.0231;  1.0,  25.9725;  1.5,  25.9221;  etc.)  pro¬ 


duced  a  polynomial  equation  which  could  be  easily  used. 

The  equations  obtained  were: 

RDS  =  -109.4991  +  (REF)  X  6.58860  -  (REF)2  X  0.065836  [4] 

where  REF  =  refractometer  reading. 

TRANSFORMED  FACTOR  =  26.0731  -  (RDS)  X  0.100654 

+  ( RDS ) 2  X  0.0000453.  [5] 

-i  ^ 

FACTOR  =  TRANSFORMED  FACTOR/  RDS  [6] 


Both  of  the  included  tables  were  fit  best  by  a  quadratic  equation.  For 
other  tables  a  higher  degree  polynomial  may  provide  the  best  fit. 

Referring  to  the  above  example  where  the  polarization  was  40.3  and  the 
refractometer  reading  24.29,  let  us  calculate  percentage  apparent  purity 
using  the  above  equations,  thus  simulating  the  computer  method. 

RDS  =  -109.4991  +  (24.29)  X  6.58860  -  (24. 29)2  X  0.065836 

=  -109.4991  +  160.0371  -  38.8435 


11.6945 
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TRANSFORMED  FACTOR  =  26.0731  -  (11.6945)  X  0.100654 

+  (11.6945)2  X  (C. 0000453) 

=  26.0731  -  1.1771  t  0.0062 


=  24.9022 


FACTOR  =  24.9022/11.6945  =  2.1294 
PURITY  =  2.1294  X  40.3  =  85.8 

If  the  calculations  were  carried  out  on  a  calculator, the  above  equations 
would  not  be  practical  to  use,  whereas  a  computer  can  utilize  them  very 
efficiently.  If  a  computer  is  being  used  to  analyze  purity  data  (analy¬ 
sis  of  variance  or  some  other  statistical  analysis),  the  above  equations 
could  be  inserted  into  the  program,  thus  computing  the  purity  before  con¬ 
tinuing  with  the  analysis. 

In  order  to  use  the  computer  method,  an  equation  must  be  obtained  from 
the  refractometer  conversion  tables  since  each  refractometer  has  its  own 
set  of  tables  determined  by  the  instrument  calibration.  To  do  this,  take 
the  refractometer  conversion  tables  to  a  computer  establishment  (there  is 
one  or  more  in  most  areas)  and  have  an  equation  fit  to  them.  Using  this 
equation  and  equations  [5]  and  [6]  a  programmer  could  write  a  program 
which  would  calculate  purity  directly  from  the  polarization  and  refracto¬ 
meter  reading.  This  program  is  most  easily  written  using  the  computer 
language  FORTRAN.  The  one  additional  step  required  would  be  to  have  the 
polarization,  refractometer  reading,  identification  and  other  data,  as 
needed,  punched  in  cards. 


To  show  how  accurate  the  approximations  are,  tables  were  generated  using 
equation  [43  and  equations  [5]  and  [63.  0  umn  2  « ;f  Tahne  1  is  a  segment 

<  f  the  conversion  table  used  to  calculate  purity  the  manual  wav  and  col¬ 
umn  3  was  generated  from  equation  [43.  Comparisons  of  the  dry  substance 
as  determined  from  the  table  and  the  computed  dry  substance  show  devia¬ 
tions  of  at  most  0.02.  Table  2  is  a  segment  of  the  table  of  computed 
factors  and  compares  almost  identically  (to  0.0001)  to  Table  3  produced 
by  Rice  (  9  ).  Table  4  is  a  check  of  the  accuracy  of  the  method  and  con¬ 
tains  40  purity  calculations  from  actual  data,  each  one  obtained  by  both 
1  >  s .  I  he  calculation  of  the  dry  substance  showed  an  average  devia¬ 
tion  of  0.0032  and  an  absolute  average  deviation  of  0.0039.  These  com- 
* 'n-"  n  ‘Ow  a  maximum  deviation  of  0.01,  which  is  less  error  than  can 
be  accounted  for  by  temperature  control  which  should  be  held  constant  at 
when  obtaining  the  refractometer  reading.  The  calculation  of  the 
ourity  from  the  calculated  dry  substance  showed  an  actual  average  error 
011  -0.0040  and  an  absolute  average  error  of  0.0537.  The  largest  devia- 
between  the  hand-calculated  and  machine-computed  purities  was  0.14. 
The. second  purity  on  the  list  shows  this  maximum  deviation,  but  if  the 
purity  ib  recalculated  on  the  purity  wheel  it  turns  out  to  be  closer  to 
89.8  than  89.7.  This  shows  how  human  error  can  enter  into  the  calculatior 
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By  using  the  computer  method,  the  interpolation  is  carried  out  for  the 
purities  obtained  when  the  dry  substance  becomes  too  small  to  use  the 
purity  wheel. 

Finally,  an  average  electronic  computer  can  compute  these  40  purities 
in  Table  4  in  approximately  15  seconds.  Even  though  computers  are  expen¬ 
sive  to  operate,  the  cost  of  calculating  many  purities  the  new  way  is 
still  much  less  than  calculating  and  then  checking  the  purities  the  man¬ 
ual  way  and  is  just  as  accurate. 
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Table  1.  Comparison  of  tabular  and  computer  calculated 
refractive  dry  substance  values,  using  equation  [4]. 


Refractometer 

reading 

Tabular  . 
RDS  - 

Computed 

RDS 

21.50 

1.70 

1.72 

22.00 

3.58 

3.59 

22.50 

5.42 

5.41 

23.00 

7.22 

7.21 

23.50 

8.98 

8.97 

24.00 

10.71 

10.71 

24.50 

12.41 

12.40 

25.00 

14.07 

14.07 

25.50 

15.70 

15.70 

26.00 

17.29 

17.30 

26.50 

18.86 

18.87 

27.00 

20.39 

20.40 

27.50 

21.90 

• 

•  21.90 

28.00 

23.38 

23.37 

—  These  RDS  values  are 

from  the  conversion 

tables  furnished 

with  the  Bausch  and  Lomb  precision  refractometer  at  Sugarbeet 
Investigations,  Fort  Collins,  Colorado, 
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Table  2.  Approximated  factor  table  for  purity  from  polariza¬ 
tion  and  dry  substance.  , 


Dry 

Sub¬ 

stance 

Factor 

Dry 

Sub¬ 

stance 

Factor 

1.00 

25.9725 

13.00 

1.9056 

2.00 

12.9360 

14.00 

1.7624 

3.00 

8.5905 

15.00 

1.6382 

4.00 

6.4178 

16.00 

1.5296 

5.00 

5.1142 

17.00 

1.4338 

6.00 

4.2451 

18.00 

1.3487 

7.00 

3.6244 

19.00 

1.2725 

8.00 

3.1588 

20.00 

1.2039 

9.00 

2.7968 

21.00 

1.1419 

10.00 

2.5071 

22.00 

1.0855 

11.00 

2.2701 

23.00 

1.0340 

12.00 

2.0726 

24.00 

0.9868 
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Table  3.  Purity  factors  for  use  with  dry  lead  defe¬ 
cation  (in  factor  determination  RDS  is  equivalent  to 
Brix)  [Rice  (  9  )]. 


Brix 

Factor 

Brix 

Factor 

1 

25.9725 

13 

1.9056 

2 

12.9360 

14 

1.7623 

3 

8.5905 

15 

1.6382 

4 

6.4178 

•  16 

1.5296 

5 

5.1142 

17 

1.4338 

6 

4.2451 

18 

1.3487 

7 

3.6244 

19 

1.2725 

8 

3.1589 

20 

1.2039 

9 

2.7968 

21 

1.1419 

10 

2.5071 

22 

1.0855 

11 

2.2701 

23 

1.0340 

12 

2.0727 

24 

0.9868 
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Table  4.  Comparison  of  computer  with  tabular  and  hand  calculated  dry 
substances  and  apparent  purities. 


Saccha- 

rimeter 

reading 

Refracto- 

meter 

reading 

Tabular 

dry 

substance 

40.50 

23.95 

10.54 

42.70 

24.33 

11.83 

42.10 

24.05 

10.88 

43.60 

24.15 

11.22 

35.80 

23.57 

9.22 

42.40 

24.17 

11.29 

43.00 

24.13 

11.15 

44.60 

24.22 

11.46 

42.30 

24.12 

11.12 

41.50 

24.00 

10.71 

38.50 

23.93 

10.47 

19.50 

22.43 

5.16 

42.50 

24.14 

11.19 

50.50 

24.70 

13.07 

50.50 

24.64 

12.87 

44.20 

24.25 

11.56 

44.80 

24.15 

11.22 

40.30 

24.29 

11.70 

46.70 

24.40 

12.07 

45.40 

24.34 

11.87 

44.40 

24.28 

11.66 

45.70 

24.36 

'  11.93 

36.70 

23.68 

9.60 

41.10 

24.06 

10.91 

47.80 

24.52 

12.48 

41.50 

23.97 

10.61 

44.00 

24.24 

11.53 

41.60 

24.03 

10.81 

41.00 

23.99 

10.68 

42.70 

24.17 

11.29 

35.90 

23.69 

9.64 

46.60 

24.40 

12.07 

40.50 

23.94 

10.51 

40.60 

23.90 

10.37 

41.50 

24.04 

10.85 

43.30 

24.18 

11.32 

46.80 

24.36 

11.93 

41.40 

24.06 

10.91 

38.50 

23.84 

10.16 

41.00 

23.94 

10.51 

Computer 

Hand 

Computer 

calculated 

calculated 

calculated 

dry 

purity 

purity 

substance 

10.53 

96.10 

96.19 

11.83 

89.70 

89.84 

10.88 

96.70 

96.70 

11.22 

97.00 

96.97 

9.22 

97.70 

97.66 

11.29 

93.80 

93.70 

11.15 

96.30 

96.24 

11.46 

97.00 

97.04 

11.12 

94.90 

94.98 

10.71 

96.90 

96.92 

10.47 

92.10 

92.06 

5.16 

96.50 

96.56 

11.18 

94.80 

94.82 

13.07 

95.80 

95.66 

12.87 

97.40 

97.23 

11.56 

95.30 

95.28 

11.22 

99.60 

99.64 

11.69 

85.70 

85.82 

12.07 

96.30 

96.23 

11.86 

95.30 

95.23 

11.66 

94.90 

94.84 

11.93 

95.30 

95.29 

9.60 

96.00 

95.98 

10.91 

94.10 

94.10 

12.47 

95.10 

95.16 

10.60 

97.80 

97.90 

11.52 

95.00 

95.14 

10.81 

96.20 

96.19 

10.67 

96.00 

96.07 

11.29 

94.40 

94.37 

9.64 

93.50 

93.54 

12.07 

96.10 

96.03 

10.50 

96.40 

96.51 

10.36 

98.10 

98.09 

10.84 

95.60 

95.64 

11.32 

95.40 

95.39 

11.93 

97.60 

97.59 

10.91 

94.80 

94.78 

10.16 

95.00 

94.99 

. 10.50 

97.70 

97.71 
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Population  Genetic  Study  Pertaining  to  Methods  of  Breeding  Sugarbeets-^ 


This  experiment  is  tne  final  phase  of  a  six-year  study  to  obtain 
fundamental  information  on  methods  of  breeding  for  improved  root  yield 
and  sucrose  content  in  sugarbeets.  The  components  of  variance  and  par¬ 
titioning  methods  are  used  in  evaluation  of  the  breeding  methods  applied. 

The  breeding  methods  in  this  study  are  limited  to  mass  selection 
from  small  units,  polycross  performance,  recurrent  selection  for  general 
combining  ability,  and  synthetic  combinations,  each  with  various  modifi¬ 
cations.  Results  of  the  initial  phases  of  this  study,  mass  selection 
from  small  units, and  poly cross  performance,  have  appeared  in  the  1960 
and  1962  reports. 


Materials  and  Methods 


The  materials  and  methods  in  this  experiment  consist  of  phenotyoic 
selection  in  genetically  broad-based  monogerm  population  with  these  selec 
tions  being  polycrossed  and  progeny  tested.  Recurrent  selections  were 
made  in  the  polycross  test.  Five  different  synthetic  or  composite  popula 
tions  were  developed  and  are  compared  with  parental  and  various  other  poo 
ulations . 

The  broad-base  monogerm  population  from  which  the  initial  selections 
were  made  was  developed  using  SLC  15,  a  heterogeneous  Mendelian  self- 
sterile  monogerm  line,  as  the  female  parent  with  the  following  heteroge¬ 
neous  multigerm  lines  and  varieties  used  as  pollinators:  GW  359-52R,  AC 
No.  2,  Midwest  391,  US  201,  SL  028,  US  400,  and  Janasz.  The  resulting 
population  was  designated  SLC  15  BB^.  From  about  15,000  individuals  of 
this  population,  753  monogerm  segregates  were  interpollin^ted  to  form  the 
population  designated  as  SLC  15  BB2.  This  was  the  parent  population  from 
which  the  initial  sucrose  and  root  weight  selections  were  made  in  these 
studies  on  breeding  methods.  Remnant  seed  of  both  these  populations  re¬ 
mained  for  use  as  a  measure  of  possible  genetic  changes  in  the  population 
due  to  the  methods  of  breeding  employed. 

The  phenotypic  selections  from  this  genetically  broad-based  material 
were  made  in  1959  using  Powers’  (5)  method  of  selection  from  small  units. 
This  phase  of  the  study  was  described  in  detail  in  the  1960  report.  From 
about  9,600  individuals  of  SLC  15  BB2 ,  the  47  individuals  most  superior 
for  both  percentage  sucrose  and  weight  per  root  were  selected  and  allowed 
to  randomly  interpollinate  in  1960  in  a  spatially  isolated  polycross  plot 


1/  Extracted  from  Ph.D.  Dissertation  by  R.  J.  Hecker. 
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A  total  of  five  plants  died  prior  to  anthesis  or  failed  to  bolt  and, 
hence,  contributed  no  gametes.  It  is  recognized  that  each  female  gamete 
should  as  nearly  as  possible  have  equal  opportunity  of  being  fertilized 
by  any  male  gamete  in  order  that  the  polycross  comparisons  be  theoret¬ 
ically  correct.  However,  due  to  the  need  for  taking  asexual  stem  cut¬ 
tings  from  each  plant*  it  was  decided  that  division  of  the  roots  into 
sections  would  reduce  the  likelihood  of  obtaining  sufficient  seed  for  a 
polycross  progeny  test.  Hence,  the  whole  roots  were  randomly  planted, 
with  stem  cuttings  being  taken  just  prior  to  flowering.  The  asexual 
cuttings  provide  a  means  of  maintaining  the  exact  parental  genotype. 

The  polycross  test  used  to  measure  the  general  combining  ability  of 
the  original  phenotypic  selections  was  conducted  in  1961  and  described  in 
the  1962  report.  Included  in  this  test  were  the  33  polycrossed  progeny 
lines  for  which  sufficient  seed  was  available,  SLC  15  BBj_,  SLC  15  BB2,  an 
inbred,  and  an  hybrid.  Probabilities  of  superiority  of  the  progeny 
lines  for  both  percentage  sucrose  and  weight  per  root  were  calculated  and 
used  in  determining  the  relative  performance  of  the  progeny  lines.  Only 
those  progeny  lines  were  retained  whose  probabilities  of  being  truly  su¬ 
perior  for  both  characters  were  greater  than  5:1  for  weight  of  root  and 
4:1  for  percentage  sucrose.  Within  these  superior  progeny  lines  prob¬ 
abilities  of  superiority  for  individual  roots  were  calculated,  comparing 
them  with  SLC  15  BBj.  Recurrent  selections  were  then  made  within  the 
seven  most  superior  progeny  lines.  This  is  a  modification  of  recurrent 
selection  for  general  combining  ability  as  described  by  Allard  (1). 

Recombinations  of  the  selected  material  based  on  progeny  performance 
were  made  in  1962  in  three  separate  spatially  isolated  plots.  One  plot 
consisted  of  the  46  best  individual  recurrent  selections,  with  respect  to 
both  weight  of  root  and  percentage  sucrose,  selected  from  the  seven  su¬ 
perior  progeny  lines.  Four  of  these  individuals  died  prior  to  anthesis; 
hence,  there  were  only  42  recurrent  selections  included  in  this  inter- 
pollinating  group.  The  second  plot  consisted  of  the  five  phenotypically 
most  superior  individuals  among  the  46  recurrent  selections.  By  halving 
these  five  roots  they  were  included  in  both  the  first  and  second  plots. 
The  third  polycross  plot  consisted  of  asexual  propagations  of  those  seven 
individuals  which  gave  rise  to  the  seven  superior  progeny  lines.  All 
propagants  of  two  of  these  individuals  died  prior  to  anthesis  and,  hence, 
did  not  contribute  to  the  resulting  synthetic  population.  These  five 
surviving  asexually  propagated  lines  then  represent  modified  recurrent 
selections  for  general  combining  ability  and  are  the  actual  genotypes 
which  demonstrated  the  superior  combining  ability,  not  just  samples  or 
out-pollinated  samples  of  the  superior  combining  genotypes.  As  such, 
advance  in  superior  combining  ability  due  to  recurrent  selection  should 
on  an  average  be  enhanced  relative  to  recurrent  selection  based  on  top 
cross  performance  as  is  practiced  in  corn. 
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Progeny  performance  of  recurrent  selections  was  not  determined  on  an 
individual  basis;  they  were,  for  the  purposes  of  this  study,  compared  as 
synthetic  populations. 

A  population  genetic  study  was  conducted  in  1963  as  the  final  phase 
of  the  experiment.  Following  are  those  populations  included  in  this  pop¬ 
ulation  genetic  study. 

*  •** 

1.  Polycross  composite  of  five  superior  combiners. 

This  population  resulted  from  compositing  the  polycrossed  seed 
of  those  five  individuals  which  exhibited  the  highest  combining 
ability  for  both  weight  per  root  and  percentage  sucrose.  Hence, 
it  represents  a  genetic  sample  of  the  five  highest  combining  in¬ 
dividuals  pollinated  by  all  42  surviving  original  mass-selected 
individuals . 

2.  Polycross  composite  of  all  original  selections. 

This  population  resulted  from  compositing  in  equal  quantity  the 
polycrossed  seed  of  all  42  surviving  mass-selected  individuals. 
Hence,  it  represents  a  single  cycle  of  simple  mass  selection. 

3.  Synthetic  of  five  superior  combining  selections. 

This  population  resulted  from  recombining  asexual  propagations 
of  five  originally  selected  individuals  which  exhibited  superior 
general  combining  ability  for  both  weight  per  root  and  percentage 
sucrose.  Hence,  it  represents  a  recombination  of  those  genotypes 
with  the  highest  general  combining  ability. 

4.  A56-3. 

This  population  id  a  multigerm  commercial  variety  adapted  to  the 
eastern  slope  region  of  the  Rocky  Mountains.  It  is  included  to 
provide  a  commercial  and  genetic  comparison,  since  genetic  infor¬ 
mation  on  this  variety  is  available  at  Fort  Collins,  Colorado, 
dating  from  1955. 

5.  Synthetic  of  all  recurrent  selections. 

This  population  resulted  from  the  recombination  of  the  42  sur¬ 
viving  phenotypically  superior  individuals  selected  from  the 
seven  superior  progeny  lines.  Hence,  it  represents  the  first 
cycle  of  recurrent  selection  based  on  general  combining  ability. 

6.  Synthetic  of  five  superior  recurrent  selections. 

This  population  resulted  from  the  recombination  of  the  five 
phenotypically  most  superior  individuals  selected  from  the  seven 
superior  progeny  lines.  Hence,  it  represents  a  genetically  nar¬ 
row  based  first  cycle  of  recurrent  selection  for  general  combin¬ 
ing  ability.  Actually  these  five  individuals  were  selected  from 
only  four  progeny  lines.  Hence,  two  of  these  recurrent  selec¬ 
tions  had  a  common  maternal  parent. 


286 


7.  SLC  15  BB«. 

This  is  the  genetically  broad-based  monogerm  population  from 
which  the  original  mass  selections  were  made. 

8.  SLC  15  BB  . 

This  is  the  first  open-pollinated  generation  of  the  genetically 
broad-based  population.  It  is  segregating  for  the  monogerm 
character. 

9.  52-305CMS  X  52-407, 

This  is  the  hybrid  resulting  from  the  crossing  of  the  cyto¬ 
plasmic  male-sterile  inbred  52-305  with  the  inbred  52-407. 

10.  52-430  X  52-407. 

This  is  the  F  hybrid  resulting  from  the  crossing  of  the  inbred 
52-430  with  tne  inbred  52-407  and  is  the  same  Fj_  hybrid  included 
in  the  1959  and  1961  phases  of  this  study. 

11.  52-305CMS. 

This  is  a  cytoplaamically  male-sterile  inbred  line  in  the  fifth 
backcross  (B5)  generation  using  the  male-fertile  inbred  52-305 
as  a  recurrent  parent.  This  recurrent  parent  is  a  longtime 
very  uniform  inbred, 

12.  52-407. 

This  is  a  longtime  very  uniform  inbred. 

This  population  genetic  study  was  planted  in  a  randomized  complete 
block  design  with  forty  replications.  The  single  20-foot  rows  were  all 
bordered  by  a  common  competitor.  The  between-row  spacings  were  22  inches 
and  all  plots  were  thinned  within  rows  to  about  10-inch  between  plant 
spacings.  Ten  competitive  roots  were  harvested  from  each  plot,  giving  a 
total  of  400  individuals  in  each  population.  All  roots  were  individually 
analyzed  for  weight  per  root  and  percentage  sucrose. 

Since  many  of  the  methods  of  analysis  are  somewhat  unique,  they  are 
described  and  exemplified  in  the  results  section  at  the  time  of  their 
application. 


Experimental  Results 


The  results  of  selection  from  the  parental  population  and  polycrossed 
progeny  performance  will  be  reviewed  only  briefly.  The  results  of  the 
1963  population  genetic  study  will  be  reported  in  some  detail. 
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Selection  from  the  Parental  Population 


Means  for  percentage  sucrose  for  the  inbred,  F1  hybrid,  and  SLC  15  BB? 
in  the  1959  selection  study  are  included  in  Table  1.  An  analysis  of  var¬ 
iance  of  these  sucrose  data  (see  1960  Report)  reveals  that  there  are  dif¬ 
ferences  between  the  population  means  and  unit  means.  The  population  by 
unit  interaction  is  also  significant.  The  nonsegregating  populations  have 
homogeneous  variances  for  percentage  sucrose  and  their  frequency  distribu¬ 
tions  do  not  deviate  significantly  from  normal.  It,  therefore,  appears 
that  either  of  the  nonsegregating  populations,  or  an  average  of  both,  could 
be  used  as  an  estimate  of  the  environmental  variability.  Using  the  hy¬ 
brid  to  estimate  the  environmental  variance  and  the  inbred  as  an  empirical 
test  of  the  methods,  the  variance  of  SLC  15  BB2  for  percentage  sucrose  was 
partitioned  into  environmental  and  genetic  components.  This  genetic  com¬ 
ponent  was  quite  large,  indicating  that  there  is  considerable  genetic  var¬ 
iability  in  this  population.  Hence,  there  should  be  a  chance  for  improve¬ 
ment  by  breeding.  Using  methods  of  Powers  et  al.  (7),  the  frequency  dis¬ 
tribution  for  percentage  sucrose  of  SLC  15  BB2  was  partitioned  to  determine 
the  proportion  of  identifiable  genetic  deviates  which  allowed  the  predic¬ 
tion  of  genetic  gains.  Six  individuals  in  the  frequency  distribution  of 
640  plants  of  SLC  15  BB2  were  shown  to  have  a  high  probability  of  being 
superior  genetic  deviates  and  were  considered  to  be  identifiable  geneti¬ 
cally  superior  individuals.  They  constituted  0,94  percent  of  the  popula¬ 
tion.  With  this  percentage  of  genetically  superior  individuals  it  is  pos¬ 
sible  to  predict  genetic  gains  theoretically  obtainable  in  SLC  15  BB2. 

These  predicted  gains  are  compared  with  obtained  gains  in  the  1963  popula¬ 
tion  genetic  study. 


Table  1.  Means  for  percentage  sucrose  for  different  years  and  populations. 


Population 

1959 


SLC  15  BB2  11.51 

SLC  15  BB-l 

Pooled  progeny  lines 

Polycross  composite  of  five  superior  selections 
Polycross  composite  of  all  selections 
Synthetic  of  five  superior  selections 
A56-3 

Synthetic  of  all  recurrent  selections 
Synthetic  of  five  superior  recurrent  selections 


Year 

1961 

1963 

14.97 

16. 

78 

14.86 

16. 

60 

15.55 

16. 

80 

16. 

83 

16. 

52 

16. 

92 

17. 

14 

17. 

14 
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Means  for  weight  per  root  in  the  1959  selection  study  are  included  in 
Table  2.  The  mean-variance  relationship  for  the  inbred  and  Fj_  hybrid  was 
calculated,  with  96.9  percent  of  the  variation  among  within  plot  variances 
being  accounted  for  by  regression  of  variances  on  means.  In  this  case 
linear  regression  appears  to  do  a  creditable  job  of  describing  the  relation¬ 
ship  between  the  means  and  variances  in  the  nonsegregating  populations. 

This  relation  is  then  used  to  estimate  the  environmental  variance  of  SLC  15 
BB2.  The  resulting  component  of  genetic  variance  was  relatively  large, 
indicating  that  some  progress  should  be  possible  in  breeding  for  improved 
weight  per  root.  Using  methods  of  Powers  (7),  the  frequency  distribution 
for  weight  per  root  of  SLC  15  BB2  was  partitioned  to  determine  the  propor¬ 
tion  of  identifiable  genetic  deviates  which  then  allowed  the  prediction  of 
genetic  gains  theoretically  possible  in  the  population.  Twelve  individuals 
in  the  frequency  distribution  of  640  plants  were  considered  to  be  identifi¬ 
able  genetically  superior  individuals  for  weight  per  root.  They  constituted 
1.9  percent  of  the  population.  From  this  proportion  of  genetically  superior 
individuals  it  is  possible  to  predict  genetic  gains  theoretically  obtainable 
in  SEC  15  BB2»  These  predicted  gains  are  compared  with  some  of  the  obtained 
gains  in  the  1963  population  genetic  study. 


Table  2.  Means  for  weight  per  root  in  kilograms  for  different  years  and 
populations . 


Population 

195$ 

Year 

1961 

1963 

SLC  15  BB2 

0.629 

1.058 

1.045 

SLC  15  BBX 

1.093 

1.040 

Pooled  progeny  lines 
Polycross  composite  of  five 

i  superior  selections 

1.120 

1.111 

Polycross  composite  of  all 

selections 

1.076 

Synthetic  of  five  superior 

selections 

1.206 

A56-3 

Synthetic  of  all  recurrent 

selections 

1.100 

1.046 

Synthetic  of  five  superior 

recurrent  selections 

1.005 

Considering  both  characters  simultaneously,  the  proportion  of  individ- 
uals  genetically  superior  for  both  percentage  sucrose  and  weight  per  root 
should  be  (0 . 019 ) (0 . 0094 )  =  0,000179.  Thus,  assuming  independence,  approx¬ 
imately  two  individuals  per  10,000  would  be  expected  to  fall  into  classes 
that  would  make  them  identifiable  as  genetically  superior  for  both  charac¬ 
ters.  In  the  bivariate  frequency  distribution  of  640  plants  of  SLC  15  BB2  , 
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no  individuals  superior  for  both  characters  would  be  expected  to  be  found, 
and  none  were  found.  Since  there  were  about  9,600  plants  of  SLC  15  BB2  from 
which  selections  were  made,  about  two  of  the  47  roots  selected  to  go  into  the 
polycross  progeny  test  could  be  expected  to  be  genetically  superior. 


Polycross  Progeny  Performance 


Thirty-three  of  the  47  initial  selections  produced  sufficient  seed  to 
be  included  in  the  1961  polycross  progeny  test.  The  performance  of  these 
progeny  lines  is  reported  in  detail  in  the  1962  Report. 

Means  for  percentage  sucrose  from  this  test  for  pooled  progeny  lines, 
SLC  15  BB2 ,  SLC  15  BB^,  inbred  34,  and  the  hybrid  52-430  X  52-407  are 
included  in  Table  1.  Weight  per  root  means  for  these  same  populations  are 
included  in  Table  2. 

Seventeen  of  the  33  progeny  lines  have  odds  greater  than  99:1  of  being 
superior  to  SLC  15  BB^  for  percentage  sucrose.  For  weight  per  root  there 
is  only  one  progeny  line  with  odds  greater  than  99:1,  four  with  odds  greater 
than  19:1,  and  12  with  odds  of  5:1  or  greater.  These  comparisons  would 
indicate  that  improvement  of  weight  per  root  has  not  been  as  general  nor 
extensive  as  for  percentage  sucrose.  In  considering  these  characters  simul¬ 
taneously  there  are  only  two  progeny  lines  which  have  odds  greater  than  19:1 
for  both  characters  of  being  superior  to  SLC  15  BB2.  This  corresponds  quite 
well  with  the  results  obtained  from  the  1959  study  when  SLC  15  BB2  was  par¬ 
titioned,  indicating  the  presence  of  about  two  identifiable  genetically 

superior  individuals  per  10,000, 

>  ■ 

Forty-six  recurrent  selections  were  made  within  the  seven  progeny  lines 
most  superior  for  both  characters .  In  choosing  these  seven  best  progeny 
lines  it  was  necessary  to  accept  odds  as  low  as  4:1  for  one  or  the  other 
character.  Interpollination  of  these  46  recurrent  selections  resulted  in 
population  5  in  the  1963  population  genetic  study.  Roots  of  the  five  pheno- 
typically  most  superior  recurrent  selections  were  halved  so  that  they  could 
be  included  in  the  plot  of  46  and  in  a  separate  isolation  of  five.  Inter- 
pollination  of  these  five  resulted  in  population  6  in  the  1963  population 
genetic  study. 

It  will  be  noted  from  Table  1  that  the  mean  of  the  pooled  progeny  lines 
for  sucrose  is  15.55  percent.  This  is  significantly  higher  than  SLC  15  BB2 
at  14.97  percent.  Hence,  on  the  average  these  selected  individuals  combine 
with  each  other  better  than  does  the  average  of  the  population.  This  indi¬ 
cates  that  selection  of  superior  genetic  deviates  for  percentage  sucrose  has 
produced  superiority  in  general  combining  ability  also,  ihe  total  within 
plot  and  genetic  variances  of  the  pooled  progeny  lines  are  not  different 
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than  those  of  SLC  15  BI^.  Hence,  considering  all  progeny  lines  as  a  single 
population, the  mean  for  percentage  sucrose  has  been  increased  while  the 
genetic  variance  has  not  been  changed. 

As  regards  weight  per  root, the  mean  for  pooled  progeny  lines  in  Table 
2  is  significantly  higher  than  the  mean  of  SLC  15  BB2 .  Therefore,  these 
selected  individuals  combine  with  each  other  better  than  does  the  average 
of  ali  individuals  in  SLC  15  BB2.  As  in  the  case  of  percentage  sucrose, this 
indicates  that  selection  of  superior  phenotypic  deviates  has  resulted  in 
selection  of  plants  possessing  higher  than  average  general  combining  ability. 


Population  Genetic  Study 


The  1963  population  genetic  study  consists  of  the  12  populations 
described  in  the  materials  and  methods  section.  Four  of  these  are  non- 
segregating  populations.  By  including  four  homozygous  populations  there 
is  le^s  likelihood  that  the  estimated  environmental  variance  will  be  affected 
by  a  genotype  environment  interaction. 

In  order  to  compare  all  frequency  distributions  directly  for  both 
characters  without  requiring  assumptions  of  normality  of  the  environmental 
frequency  distribution,  the  frequency  distributions  are  freed  of  replication 
and  population  mean  effects  using  methods  developed  by  Powers  et  al.  (6). 
Through  the  use  of  these  methods  the  frequency  distributions  are  subject 
only  to  within-plot  sources  of  genetic  and  environmental  variation.  In  the 
case  of  replications, this  is  done  by  calculating  the  difference  between  the 
mean  of  any  given  plot  arid  that  of  its  respective  population  and  adding  or 
subtracting,  as  the  case  may  be,  this  difference  from  the  value  for  each 
plant  m  the  given  plot.  In  equalizing  population  means  each  observation 
within  a  population  is  readjusted  on  the  basis  of  the  difference  between  the 
mean  of  a  given  population  and  the  mean  of  all  populations  in  the  experiment. 
Direct  comparison  of  all  population  distributions  eliminates  the  need  of 
estimating  the  distribution  due  to  the  environment  based  on  obtained  distri¬ 
butions  of  nonsegregating  populations.  This  is  a  nonparametric  or  distribu- 
tion  free  method  eliminating  the  necessity  of  making  assumptions  about  the 
istributions .  However,  it  remains  necessary  to  assume  that  the  genotype 
environment  interaction  is  negligible  or  at  least  is  the  same  for  all  geno- 


Percentage  sucrose 


The  twelve  population  means  and  their  standard  errors  for  percentage 
sucrose  are  listed  m  Table  3.  Using  a  least  significant  difference  at  the 
0.95  probability  level  and  comparing  population  7  (SLC  15  BBo)  with  all 
other  populations,  it  is  apparent  from  Table  3  that  those  with  higher  means 
are  population  5  (synthetic  of  all  recurrent  selections),  population  6 
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(synthetic  of  five  superior  recurrent  selections),  and  population  11  (inbred 
52-305CMS).  Those  with  lower  means  are  population  3  (synthetic  of  five  su¬ 
perior  selections),  population  8  (SLC  15  BBj_),  population  9  (52-305CMS  X 
52-407,  F-^),  and  population  12  (inbred  52-407).  The  remaining  populations 
can  not  be  shown  to  be  different  than  SLC  15  BB2. 


Table  3.  Means,  total  variances,  total  within-plot  variances,  genetic 
variances,  and  heritability  ratios  for  percentage  sucrose  in  the  1963 
population  genetic  study. 

Population  _ Variance  — ^ _  Herit- 

number  Population  Mean  Total  Total  Genetic  ability 

within-  ratio 

plot 


1 

Polycross  comp . 
of  5  sup.  sel. 

16 . 8030*0.0602 

2 

Polycross  comp, 
of  all  sel. 

16 , 8298*0 .0662 

3 

Syn.  of  5  sup. 
selections 

16.5220*0.0658 

4 

A56-3 

16.9155*0.0666 

5 

Syn.  of  all 
recurrent  sel. 

17.1428*0.0632 

6 

Syn.  of  5  sup. 
recurrent  sel. 

17.1372*0.0558 

7 

SLC  15  BB2 

16.7840*0.0665 

8 

SLC  15  BB1 

16.5970*0.0630 

9 

52-305CMS 

X  52-407 

16.6305*0.0603 

10 

52-430 

X  52-407 

16.7665*0.0538 

11 

52-305CMS 

17.6445*0.0576 

12 

52-407 

14.5075*0.0624 

lsd0 

.05  =  °*1370 

1.451169 

1,022048 

0.237731 

0.233 

1.753474 

1.038822 

0.254505 

0.245 

1.733450 

1.144560 

0.360243 

0.315 

1.772140 

1.199205 

0,414888 

0.346 

1.595586 

1.007395 

0.223078 

0.221 

1.245652 

0.860930 

0.076613 

0.089 

1.768164 

1.133138 

0.348821 

0.308 

1,588061 

1.177392 

0.393075 

0.334 

1.452952 

0.841342 

0.057025 

0.068 

1.156268 

0.714655 

-0.069662 

1.327839 

0.841228 

0.056911 

0.068 

1.555282 

0.740042 

-0.044275 

1/  Estimated  environmental  variance  is  the  mean  total  within-plot  variance 
of  populations  9,  10,  11,  and  12. 


292 


Duncan’s  (9)  multiple  range  test.  Table  4,  shows  the  same  populations 
to  be  different  from  SLC  15  BB2.  Since  this  multiple  range  test  allows  all 
possible  comparisons  to  be  made  it  is  less  precise  than  a  t  test.  For 
these  particular  comparisons,  however,  there  happens  to  be  no  difference. 

f 

The  populations  of  principal  interest  are  those  resulting  from  selec¬ 
tion  and  recombination,  i.e.,  population  1  (polycross  composite  of  five 
superior  selections),  population  2  (polycross  composite  of  all  selections), 
population  3  (synthetic  of  five  superior  selections),  population  5  (syn¬ 
thetic  of  all  recurrent  selections),  and  population  6  (synthetic  of  five 
superior  recurrent  selections).  Among  these,  the  percentage  sucrose  of 
populations  5  and  6  has  been  increased  relative  to  SLC  15  BB2 ;  in  popula¬ 
tions  1  and  2  it  has  not  been  changed;  and  in  population  3  it  has  been  de¬ 
creased.  Population  2  should  be  approximately  the  same  as  the  mean  for 
pooled  progeny  lines  in  1961,  since  it  is  merely  a  composite  of  seed  from 
the  33  progeny  lines  and  the  nine  additional  progeny  lines  for  which  there 
was  insufficient  seed  to  be  included  in  the  1961  progeny  test.  The  mean 
of  pooled  progeny  lines  in  1961  was  significantly  higher  than  SLC  15  BB2 , 
whiie  in  1963  population  2  was  not  different  than  SLC  15  BB2.  It  is  not 
surprising  that  population  1  is  not  different  than  population  2, since  the 
mean  of  the  five  superior  progeny  lines  in  1961  was  15.56  percent  compared 
with  a  mean  of  15.55  for  all  progeny  lines.  Hence,  in  determining  the 
five  superior  progeny  lines  nearly  all  selection  pressure  was  applied  to 
weight  per  root  with  sucrose  percentage  merely  being  maintained.  Among 
the  progeny  lines,  these  five  possessed  average  general  combining  ability 
for  percentage  sucrose. 


The  recurrent  selections  have  no  comparison  in  1961,but  the  mean  of 
the  seven  progeny  lines  from  which  all  recurrent  selections  were  made  was 
15.60  in  1961  as  compared- to  a  mean  of  14.97  for  SLC  15  BB?.  Hence,  re¬ 
current  selections  were  made  within  those  progeny  lines  which  exhibited 
only  slightly  higher  than  average  general  combining  ability. 


Table  4.  Multiple  range  test  for  percentage  sucrose  in  the  1963  population  genetic  study. 
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An  examination  of  the  variances  in  Table  3  is  helpful  in  interpreting 
the  means.  The  total  variances  include  all  sources  of  variation  within  a 
population.  Removal  of  the  variation  due  to  replications  and  replication 
by  population  interaction  results  in  the  total  within-plot  variance.  There 
are  399  degrees  of  freedom  associated  with  each  total  variance  but  only  360 
associated  with  each  total  within  plot  variance.  An  F  test  can  be  used  in 
determining  whether  or  not  particular  variances  are  different.  To  deter¬ 
mine  the  value  of  the  four  nonsegregating  populations  (populations  9,  10, 

11,  and  12)  as  a  measure  of  the  environmental  variance,  the  F  test  shows 
that  there  are  no  differences  between  any  of  these  four  total  within-plot 
variances.  A  regression  analysis  shows  there  is  no  significant  relation 
between  the  means  and  the  variances.  Hence,  the  mean  total  within-plot 
variance  of  the  four  nonsegregating  populations  should  provide  a  good  es¬ 
timate  of  the  environmental  variance  for  percentage  sucrose  in  the  1963 
experiment.  This  estimate  of  environmental  variance,  0.784317,  has  1440 
degrees  of  freedom.  Any  within-plot  variance  significantly  larger  than  this 
must  also  have  a  genetic  variance  significantly  larger  than  zero.  Popula¬ 
tion  6  is  the  only  one  of  the  eight  segregating  populations  which  does  not 
have  a  significant  genetic  variance.  Excluding  population  6,  differences  ^ 
could  not  be  demonstrated  between  within-plot  variances  of  the  remaining 
seven  segregating  populations.  Since  a  common  estimate  of  the  environmental 
variance  was  subtracted  from  each  to  estimate  the  genetic  variance ,  there 
can  be  no  significant  differences  among  their  genetic  variances.  Transfor¬ 
mation  of  the  sucrose  data  to  common  logarithms  introduced  heterogeneity 
into  the  variances.  For  this  reason  the  nontrans formed  sucrose  data  are 

considered  to  be  a  more  satisfactory  scale  and  are  used  throughout  the  1963 
experiment. 


Returning  to  an  examination  of  Table  3,some  information  can  be  gained 
by  a  study  of  the  total  within-plot  variances, but  the  genetic  variances  are 
of  principal  interest.  If  any  two  total  within-plot  variances  are  signif¬ 
icantly  different  using  the  F  test,  then  their  genetic  variances,  resulting 
from  the  subtraction  of  a  common  estimate  of  environmental  variance,  must 
e  different.  Using  this  test  the  genetic  variance  of  population  6  is  sig¬ 
nificantly  lower  than  populations  3,  4,  7,  and  8  but  not  different  than 

populations  1,  2,  and  5.  These  are  the  only  significant  differences  among 
all  the  genetic  variances.  & 

It  is  assumed  that  0.076613  is  the  best  estimate  of  the  genetic  var¬ 
iance  of  population  6  even  though  it  cannot  be  demonstrated  that  this 
genetic  variance  is  significantly  different  than  zero.  All  other  genetic 
variances  are  significantly  greater  than  zero, as  was  pointed  out  afove.  ✓ 

toethateofCSLrr^nnn  °f  P°?ulatlon  ?  has  been  drastically  reduced  relative 
to  that  of  SLC  15  BB2,yet  its  mean  is  significantly  higher.  It  should  be  / 

remembered  that  the  five  individuals  recombined  to  form  this  population 

were  superior  plants  within  the  seven  best  progeny  lines.  Two  of  the  five 

came  from  the  same  progeny  line*  hence,  they  have  a  common  maternal  parent. 

This  aione  would  not  be  expected  to  account  for  the  drastic  reduction  In 

genetic  variance.  The  means  of  populations  1  and  2  are  not  different  than 


t/ 
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SLC  15  BBj  but  their  variances  are  somewhat  reduced.  The  mean  of  population 
3  is  significantly  lower  than  that  of  SLC  15  BB2, while  its  variance  is  about 
the  same.  This  seems  somewhat  contradictory  since  the  five  plants  in  popu¬ 
lation  3  are  the  maternal  parents  of  the  five  best  general  combining  lines 
in  the  polycross  test  of  the  33  progeny  lines.  Those  individuals  with  the 
highest  general  combining  ability  apparently  do  not  combine  well  with  each 
other.  From  this  it  might  be  assumed  that  these  five  individuals  had  near 
the  same  genotype.  These  relationships  will  be  considered  further  in  a 
joint  discussion  with  weight  per  root. 

The  frequency  distributions  of  percentage  sucrose  for  the  12  popula¬ 
tions  are  shown  in  Table  5.  They  are  adjusted  to  eliminate  differences 
between  replications  within  populations  and  differences  between  populations. 
They  have  a  common  mean  and  can  be  compared  directly.  The  mean  of  these 
distributions  is  16.69  percent,  Which  is  the  experimental  mean;  the  class 
widths  are  0.75  percent;  and  the  upper  limit  of  the  first  class  is  6.00 
percent.  The  mean  distribution  of  the  four  nonsegregating  populations  is 
used  as  the  estimated  environmental  distribution.  The  differences  in  Table 
6  result  from  the  subtraction  of  this  mean  distribution  from  each  popula¬ 
tion  in  the  study.  The  approximate  points  of  intersection  of  the  obtained 
and  environmental  distribution  curves,  where  the  ordinates  of  the  two  curves 
are  equal,  occur  where  the  differences  change  from  positive  to  negative  and 
vice  versa.  The  segregating  distributions  are  partitioned  at  these  class 
intervals,  from  Powers  et  al.  (7),  and  the  differences  in  the  classes  to  the 
left  and  right  of  the  partition  lines,  intersection  of  the  distribution 
curves,  represent  the  identifiable  numbers  of  superior  and  inferior  genetic 
deviates  in  the  population.  These  identifiable  numbers  of  genetic  deviates 
rounded  to  the  nearest  whole  numbers  are  listed  in  Table  7.  Their  standard 
errors  are  /pqn  where  q  is  the  proportion  of  genetic  deviates,  p  =  1-q,  and 
n  is  the  sample  size,  400  in  this  case.  Assuming  normality  those  populations 
with  the  greatest  proportion  of  identifiable  genetic  deviates  should  be  those 
with  the  greatest  genetic  variance  in  proportion  to  the  total  within-plot 
variance.  This  relationship  was  investigated  by  Powers  et  al.  (6)  where  they 
found  correlations  from  0.76  to  0.93  between  identifiable  numbers  of  genetic 
deviates  and  heritability  ratios.  Before  examining  this  relationship  in  these 
data,  remarks  by  Robson  and  Powers  (8)  should  be  considered.  They  state  that 
for  the  normal  case  the  proportion  of  genetic  deviates  is  a  monotone  (in¬ 
creasing)  function  of  the  heritability  ratio  (h^)  and  is  for  this  reason 
equivalent  to  h^  as  a  heritability  index.  They  go  on  to  state  that  when  the 
genotypic  distribution  is  non-normal  the  two  indices  are  no  longer  equiva¬ 
lent  and  that  in  general  neither  can  be  regarded  as  an  adequate  index  of 
heritability  in  the  sense  of  uniquely  determining  the  genotypic  distribution 
for  a  given  phenotypic  distribution. 


Table  5.  Obtained  frequency  distributions  for  percentage  sucrose  in  the  1963  population  genetic  study » 
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Table  6.  Differences  between  the  obtained  distributions  and  the  estimated 
environmental  distribution  for  percentage  sucrose  in  the  1963  population 
genetic  study. 


Population  number 

Class  i/ 

and  population 

14 

15 

16 

17 

18 

1 

\ 

Polycross  composite  of 

5  superior  selections 

15 

-23 

-10 

13 

5 

2 

Polycross  composite 
of  all  selections 

16 

-31 

0 

13 

2 

3 

Synthetic  of  5 
superior  selections 

24 

-24 

-14 

1 

13 

4 

A56-3 

22 

-33 

-  1 

0 

12 

5 

Synthetic  of  all 
recurrent  selections 

14 

-20 

-15 

16 

.5 

6 

Synthetic  of  5  superior 
recurrent  selections 

4 

-12 

0 

11 

-  3 

7 

SLC  15  BB2 

24 

-25 

-12 

-  2 

15 

8 

SLC  15  BB 

26 

-25 

-28 

9 

18 

9 

52-305CMS  X  52-407 

7 

-  9 

1 

-  1 

2 

10 

52-430  X  52-407 

-  1 

6 

-  9 

1 

3 

11 

52-305CMS 

-  7 

5 

-  2 

6 

-  2 

12 

52-407 

1 

-  3 

9 

-  5 

-  2 

U 

End  classes  of  the  environmental 
at  least  ten  observations  in  each 

distribution 
class . 

are  grouped 

to  include 
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Table  7.  Heritability  ratios  and  identifiable  numbers  of  genetic  deviates 
for  percentage  sucrose  in  the  1963  population  genetic  study. 


Population  number 
and  population 

Herit¬ 

ability 

ratio 

Identifiable 
numbers  of  genetic 

Superior  Inferior 

deviates 

Total 

1 

Polycross  composite  of 

5  superior  selections 

0.233 

18*4 

15*4 

33*6 

2 

Polycross  composite  of 
all  selections 

0.245 

15*4 

16*4 

31*5 

3 

Synthetic  of  5 
superior  selections 

0.315 

14*4 

! 

24*5 

38*6 

4 

A56-3 

0.346 

12*3 

22*5 

34*6 

5 

Synthetic  of  all 
recurrent  selections 

0.221 

21*4 

14*4 

35*6 

6 

Synthetic  of  5  superior 
recurrent  selections 

0.089 

8*3 

4*2 

12*3 

7 

SLC  15  BB2 

0.308 

13*4 

24*5 

37*6 

8 

SLC  15  BB 

X  X 

0.334 

27*5 

26*5 

53*7 
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Tests  of  normality  for  the  segregating  populations  and  the  pooled 
nonsegregating  populations  were  made.  These  tests  indicated  that  the 
environmental  distribution  estimated  from  the  four  nonsegregating  popu¬ 
lations  deviated  significantly  from  a  normal  distribution.  Populations 
2  and  4  also  deviated  significantly  from  normal,while  all  other  segre- 
gating  populations  were  not  distributed  significantly  different  than 
normal.  Since  the  method  of  partitioning  the  distributions  and  calcu¬ 
lating  the  number  of  genetic  deviates  is  distribution  free,  these  devi¬ 
ations  from  normality  are  immaterial  except  in  comparison  of  identifiable 
numbers  of  genetic  deviates  and  heritability  ratios. 

The  correlations  between  the  identifiable  numbers  of  genetic  deviates 
and  broad  sense  heritability  ratios  are  listed  in  Table  8  for  percentage 
sucrose.  The  correlation  with  identifiable  numbers  of  superior  genetic 
deviates  is  not  significant, while  that  with  identifiable  numbers  of  in¬ 
ferior  genetic  deviates  is  quite  high,  94  percent  of  the  variability  being 
accounted  for  by  regression.  The  correlation  with  total  identifiable 
numbers  of  genetic  deviates  is  significant  but  somewhat  reduced. 


Table  8.  Simple  correlation  coefficients  between  heritability  ratios  and 


identifiable  numbers  of  genetic 
1963  population  genetic  study. 

deviates 

for  percentage  sucrose  in  the 

Superior 

Inferior 

Total 

r  r2(100) 

r 

r2(100) 

r  r2( 100 ) 

0.39  15 

>  . 

0.97** 

94 

0.84**  70 

-  300 


Weight  per  root 


An  analysis  of  variance  of  the  data  for  kilograms  per  root  (not 
shown)  reveals  that  there  are  significant  differences  between  populations 
and  between  replications.  There  is  no  measurable  population  by  replica¬ 
tion  interaction.  ’ 

The  twelve  population  means  and  their  standard  errors  are  listed  in 
Table  9.  Using  a  least  significant  difference  at  P  =  0.05  and  comparing 
SLC  15  BB2  with  all  other  populations,  populations  1,  3,  and  10  have  larger 
means ,  populations  11  and  12  have  smaller  means ,  and  the  remaining  popula¬ 
tions  are  not  different.  The  multiple  range  test,  Table  10,  indicates  that 
only  populations  3  and  10  have  larger  means  than  SLC  15  BB2.  However,  as 
was  stated  previously  the  multiple  range  test  sacrifices  precision  for  the 
liberty  of  making  all  possible  comparisons.  Certain  other  mean  comparisons 
from  Table  10  are  of  interest,  however.  For  instance  the  mean  of  popula¬ 
tion  3  is  significantly  larger  than  any  other  segregating  population,  the 
means  of  populations  1  and  4  are  larger  than  the  mean  of  population  6, 
while  all  remaining  comparisons  are  not  significantly  different.  Hence, 
significant  progress  has  been  made  in  two  of  the  five  populations  resulting 
from  selection!  that  is,  population  1  (polycross  composite  of  five  superior  ^ 
selections)  and  population  3  (synthetic  of  five  superior  selections).  Pop¬ 
ulation  3  exceeds  even  the  adapted  commercial  variety,  population  4, 
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Table  9.  Means,  total  variances,  and  their  standard  errors  for  weight 


per 

root  in  kilograms  in  the 

1963  population  genetic 

« 

study. 

Population  number 
and  population 

Mean 

p 

Total  variance 

1 

Polycross  composite  of 
five  superior  selections 

1.111000+0.02814 

0.316834+0.022432 

2 

Polycross  composite  of 
all  selections 

1.075500+0.02549 

0.259862+0.018398 

3 

Synthetic  of  five 
superior  selections 

1.206000+0.02684 

0 .288 122 j+>.  020399 

4 

A56-3 

1.099750+0.02725 

0.297043+0.021030 

5 

Synthetic  of  all  re¬ 
current  selections 

1.045625+0.02549 

0.259962+0.018405 

6 

Synthetic  of  five  super¬ 
ior  recurrent  selections 

1.004750+0.02506 

0.251231+0.017787 

7 

SLC  15  BB2 

1.044875+0.02434 

0.237035+0.016782 

8 

SLC  15  BB 

1.039500+0.02330 

0.217158+0.015375 

9 

\ 

52-305CMS  X  52-407 

1.010500+0.02029 

4 

0.164664+0.011658 

10 

52-430  X  52-407 

1.200375+0.022516 

0.202788+0. 014357 

11 

52-305CMS 

0.485000+0.00757 

* 

0.022907+0.001622 

12 

52-407 

0.754250+0.01228 

0.060333+0.004272 

LSD 


0.05 


0.064615 


302 


>“> 

T3 

3 

4-1 

3 


3 

3 

3 

<u 

60 

3 

o 

•3 

4-1 

CO 

r— 1 

3 

a 

o 

CL 

CO 

no 

On 


<11 

,3 

4-1 

3 

•r4 


CO 

3 

60 

O 


3 

i-( 

4-1 

o 

o 

3 

3 

3 

3< 


-3 

60 

<D 

& 

3 

O 

4-1 


CO 

3 

3 

3 

60 

3 

3 

3 

3 


x 


3 

r—i 

rQ 

3 

H 


CM 


NO 


ON 


00 


m 


CM 


co 


i 

3 


O 

3 


O 

in 

oo 

o 


CM 

'd' 

m 


oo 

o 

o 

• 


m 

o 


m 

ON 

cn 

o 


ON 

<T 

'4' 

o 


NO 

m 

o 


m 

m 

n. 

o 


oo 

ON 

ON 

o 


o 

o 

CM 


o 

NO 

o 

CM 


3 
3 
•3 
0 
( X 


3 

3 

O 

3 

3 

CL 

m 

3 

r3 


3 

3 

3 

3 

3 

3 

3 

M-l 

13 

•3 

T3 


3 

3 

3 

O 

•3 

<3 

•3 

3 

60 

•3 

co 

3 

3 

3 

3 

3 


li 

3 

3 

3 

,3 

3 

So 

x> 

•v 

3 

3 

O 

o 

3 

{g 

’S 

3 


O 

3 

3 

3 

3 

1 

O 

> 

3 


3  3 

CL  O 


o 

f3 


■3 

3 


3 

3 

s 


3 

3 

O 

55 


303 


Population  2  should  approximate  the  performance  of  the  mean  of 
pooled  progeny  lines  in  the  1961  study.  In  1961  the  mean  of  pooled 
progeny  lines  was  significantly  larger  than  SLC  15  BB2rwhile  in  1963 
population  2  was  larger  than  SLC  15  BB2  but  not  significantly  so.  This 
is  the  same  relationship  as  was  noted  previously  for  percentage  sucrose. 

The  mean  of  the  seven  progeny  lines  from  which  recurrent  selections 
were  made  in  1961  was  1.1952  kilograms  per  root.  This  is  significantly 
larger  than  the  mean  of  all  progeny  lines,  t  being  3.27  with  3998  degrees 
of  freedom.  This  superiority  was  not  evidenced  in  the  1963  populations 
from  recurrent  selections,  populations  5  and  6,  which  are  not  different 
than  SLC  15  BB2  nor  are  they  different  from  each  other.  Possible  reasons 
for  this  will  be  discussed  later.  The  mean  of  the  42  surviving  recurrent 
selections  from  the  seven  superior  progeny  lines  was  1.8738+0.0522,  and 
the  mean  of  the  five  most  superior  of  these  42  recurrent  selections  was 
2.2100+0.0886.  The  relationships  of  these  populations  will  be  discussed 
in  the  succeeding  section. 

Among  the  nonsegregating  populations  a  positive  relationship  exists 
between  the  means  and  total  within-plot  variances  with  94.6  percent  of 
the  variability  of  the  variances  being  accounted  for  by  regression. 

Using  estimates  of  environmental  variance  developed  from  this  relation¬ 
ship,  the  total  within-plot  variances  were  partitioned  into  environmental 
and  total  genetic  components  (not  shown).  However,  transformation  of 
this  weight  per  root  data  to  common  logarithms  eliminated  the  mean- 
variance  relationship.  Using  the  same  regression  analysis  that  was  used 
on  the  untransformed  data,  the  regression  of  mean  log  weight  per  root 
and  their  variances  was  not  significantly  different  than  zero  and  the 
mean-variance  correlation  was  not  significant.  This  being  the  case,  the 
best  estimate  of  the  environmental  variance  should  be  provided  by  the 
mean  of  the  total  within-plot  variances  for  the  four  nonsegregating 
populations.  Subtracting  this  estimated  environmental  variance  from  the 
total  within-plot  variance  of  each  of  the  segregating  populations  results 
in  the  estimates  of  the  genetic  variance  in  Table  11.  As  in  the  case  of 
the  untransformed  data,  there  are  some  significant  differences  between  the 
total  within-plot  variances  of  the  nonsegregating  populations.  This 
would  indicate  that  some  of  these  populations  are  segregating  or  that 
transformation  to  the  logarithmic  scale  did  not  entirely  remove  the 
v  heterogeneity  among  the  variances.  The  latter  is  most  likely. 


Table  11,  Means,  total  variances,  total  within-plot  variances,  genetic  variances,  and  heritability  ratios 
for  log  weight  per  root  in  the  1963  population  genetic  study. 
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It  is  apparent  that  neither  regression  nor  transformation  to  loga¬ 
rithms  is  a  completely  satisfactory  method  of  partitioning  the  variance 
into  environmental  and  genetic  components.  However,  considerations 
in  the  comparisons  of  frequency  distributions  make  the  use  of  the  trans¬ 
formed  data  more  desirable.  Partitioning  of  the  frequency  distributions 
will,  therefore,  be  done  on  the  transformed  data. 

Frequency  distributions  for  the  12  populations  are  shown  in  Table 
12.  These  are  from  data  transformed  to  logarithms  then  adjusted  to 
eliminate  differences  between  replications  within  populations  and  dif¬ 
ferences  between  populations.  The  distributions  have  a  common  mean  and 
can  be  compared  directly.  Thq  mean  of  these  distributions  is  -0.05318, 
the  class  interval  is  0.060,  and  the  upper  class  limit  of  the  first 
class  is  -0.720.  The  mean  distribution  of  the  four  nonsegregating  pop¬ 
ulations  is  used  as  the  estimated  environmental  distribution.  The  dis¬ 
tribution  of  differences  in  Table  13  results  from  the  subtraction  of 
this  mean  distribution  from  each  of  the  segregating  populations  in  the 
study.  The  end  classes  are  grouped  such  that  the  environmental  distri¬ 
bution  had  a  minimum  of  ten  in  each  of  its  end  classes.  The  distribu¬ 
tions  are  partitioned  at  the  approximate  points  of  intersection  of  the 
obtained  and  environmental  curves,  as  was  done  for  percentage  sucrose. 


Table  12.  Obtained  frequency  distributions  for  log  weight  per  root  in  the  1963  population  genetic  study. 
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Table  13.  Differences  between  the  obtained  distributions  and  the  estimated  environmental  distribution 
for  log  weight  per  root  in  the  1963  population  genetic  study. 
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JL/  End  classes  of  the  environmental  distribution  are  grouped  to  include  at  least  ten  observations  in 
each  class. 
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The  identifiable  numbers  of  superior  and  inferior  genetic  deviates 
in  the  populations  are  calculated  as  for  percentage  sucrose  and  are 
listed  in  Table  14.  The  relationship  between  the  numbers  of  genetic 
deviates  and  the  broad  sense  heritability  ratios  are  shown  in  Table  15. 
All  correlations  between  heritability  ratios  and  identifiable  numbers 
of  genetic  deviates  are  significant  with  the  highest  correlation  between 
the  identifiable  number  of  inferior  genetic  deviates  and  heritability. 


Table  14.  Heritability  ratios  and  identifiable  numbers  of  genetic 
deviates  for  log  weight  per  root  in  the  1963  population  genetic  study. 

Identifiable 

Population  number  Heritability  number  of  genetic  deviates 

and  population  ratio  Superior  Inferior  Total 


1 

Polycross  composite  of 

5  superior  selections 

0.479 

37+6 

26+5 

63+7 

2 

Polycross  composite 

0.466 

41+6 

32+5 

73+8 

of  all  selections 

3 

Synthetic  of  5  sup¬ 

0.439 

36+6 

24+5 

60+7 

erior  selections 

4 

A56-3 

0.489 

43+6 

34+6 

77+8 

5 

Synthetic  of  all  re¬ 

0.446 

37+6 

30+5 

67+7 

current  selections 

6 

Synthetic  of  5  sup. 

0.559 

65+7 

48+6 

113+9 

recurrent  selections 

7 

SLC  15  BB2 

0.383 

33+6 

20+4 

53+7 

8 

SLC  15  BB 

0.402 

37+6 

24+5 

61+7 
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Table  15.  Simple  correlation  coefficients  between  heritability  ratios 
and  identifiable  numbers  of  genetic  deviates  for  log  weight  per  root  in 


Superior 

Inferior 

Total 

r  r2 (100) 

r  r2 (100) 

r  r2 (100) 

0.87**  76 

0.92**  85 

0.90**  82 

Tests  of  normality  of  the  transformed  data  for  the  segregating 
populations  and  the  pooled  nonsegregating  populations  were  made.  The 
distribution  due  to  the  environment  is  not  normal.  Among  the  segregating 
populations  four  are  distributed  in  an  approximately  normal  manner 
(populations  1,  5,  7,  and  8),  while  the  other  four  (populations  2,  3,  4, 
and  6)  show  greater  deviations  from  normal  than  would  be  expected  by 
chance  alone. 


Bivariate  frequency  distributions 

Bivariate  frequency  distributions  for  the  12  populations  were  made. 

‘  Following  methods  of  Powers  et  al.  (6)  these  distributions  are.  parti¬ 
tioned  in  the  same  manner  in  which  the  univariate  distributions  were 
divided.  This  divides  each  bivariate  distribution  into  nine  sections 
which  are  numbered  and  described  as  follows: 


Section  1 
Section  2 
Section  3 
Section  4 
Section  5 
Section  6 
Section  7 
Section  8 
Section  9 


Inferior  for  weight  and  inferior  for  sucrose 
Average  for  weight  and  inferior  for  sucrose 
Superior  for  weight  and  inferior  for  sucrose 
Superior  for  weight  and  average  for  sucrose 
Superior  for  weight  and  superior  for  sucrose 
Average  for  weight  and  superior  for  sucrose 
Inferior  for  weight  and  superior  for  sucrose 
Inferior  for  weight  and  average  for  sucrose 
Average  for  weight  and  average  for  sucrose 
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Those  individuals  phenotypically  superior  for  both  percentage  sucrose 
and  log  weight  per  root  appear  in  section  5,  while  phenotypically  in¬ 
ferior  individuals  appear  in  section  1*  The  distributions  of  the 
hybrids  and  inbreds,  populations  9,  10,  11,  and  12,  are  considered  to 
be  estimates  of  the  bivariate  distribution  due  to  environment.  Their 
mean  distribution  is  used  for  this  purpose. 

To  avoid  the  problem  of  small  numbers  in  certain  sections,  sections 
4,  5,  and  6  and  sections  1,  2,  and  8  are  grouped.  This  grouping  results 
in  homogeneity  within  both  the  segregating  and  nonsegregating  populations. 

In  Table  16  the  identifiable  numbers  of  genetic  deviates  within  these 
groups  are  listed  for  the  eight  segregating  populations.  These  numbers 
result  from  subtracting  the  number  of  individuals  due  to  environment 
from  the  obtained  number  in  each  group,  A  homogeneity  chi  square  of 
the  identifiable  numbers  of  superior  and  inferior  genetic  deviates  over 
the  eight  segregating  populations  fails  to  detect  any  difference  in  the 
ratio  of  superior  to  inferior  genetic  deviates.  There  are,  however, 
differences  in  superior,  inferior,  and  total  identifiable  numbers  of 
genetic  deviates  for  certain  of  the  populations  which  are  shown  by  the 
standard  errors  in  Table  16. 

Table  16.  Heritability  ratios  and  identifiable  numbers  of  genetic  deviates 
in  sections  4,  5,  and  6  (superior)  and  sections  1,  2,  and  8  (inferior)  and 
their  total  for  the  partitioned  bivariate  frequency  distributions  for  per¬ 
centage  sucrose  and  log  weight  per  root  in  the  1963  population  genetic  study. 

Identifiable 

Population  number  Heritability  ratio  numbers  of  genetic  deviates 

and  population  Sucrose  Weight  Superior  Inferior  Total 


1 

Polycross  composite 
of  five  sup,  sel. 

0.233 

0.479 

22+5 

17+4 

39+6 

2 

Polycross  composite 
of  all  selections 

0.245 

0.466 

33+6 

28+5 

61+7 

3 

Synthetic  of  five 
sup.  selections 

0.315 

0.439 

36+6 

34+6 

70+8 

4 

A56-3 

0.346 

0.489 

25+5 

28+5 

53+7 

5 

Synthetic  of  all 
recurrent  sel. 

0.221 

0.446 

30+5 

16+4 

46+6 

6 

Synthetic  of  five 
sup.  recurrent  sel. 

0.089 

0.559 

40+6 

33+6 

73+8 

7 

SLC  15  BB2 

0.308 

0.383  . 

40+6 

38+6 

78+8 

8 

SLC  15  BBX 

0.334 

0.402 

35+6 

24+5 

59+7 
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The  heritability  ratios  in  Table  16  are  those  previously  listed  in 
Tables  3  and  11.  The  multiple  correlations  of  identifiable  numbers  of 
genetic  deviates  on  heritability  ratios,  as  used  by  Powers  et  al,  (6), 
reveal  no  significant  correlations  with  superior,  inferior,  or  total 
number  of  genetic  deviates.  These  multiple  correlation  coefficients  are 
listed  in  Table  17.  It  should  be  noted  that  there  is  a  significantly 
negative  relationship  between  the  heritability  ratios  for  percentage 
sucrose  and  weight  per  root,  r  =  -0.731  with  6  degrees  of  freedom. 
Effects  of  this  relationship  will  be  discussed  later. 


Table  17.  Multiple  correlation  coefficients  of  heritability  ratios  on 
superior,  inferior,  and  total  identifiable  numbers  of  genetic  deviates 


for  percentage  sucrose  and 
genetic  study. 

log  weight  per  root 

in  the  1963  population 

Superior 

Inferior 

Total 

R  R2(100) 

R  R2(100) 

R  R2(100) 

0.52  0.27 

0.09  0.01 

0.19  0.04 

t 


Heritability 

From  results  presented  in  preceding  sections , several  estimates  of 
heritability  can  be  developed.  Warner  (9)  groups  methods  of  estimating 
heritability  into  three  main  classes;  those  based  on  (a)  approximation 
of  nonher itdble  variance  from  genetically  uniform  populations  to  estimate 
total  genetic  variance,  (b)  variance  components  from  an  analysis  of  vari¬ 
ance,  and  (c)  parent-offspring  regressions. 

2 

Heritability  estimates  (h  )  from  all  phases  of  this  study  for  per¬ 
centage  sucrose  are  presented  in  Table  18.  Using  nonsegregating  popula¬ 
tions  as  estimates  of  environmental  variance,  it  is  evident  from  the 
three  estimates  for  SLC  15  BB2  that  there  is  considerable  effect  due  to 
years.  The  environmental  variance  in  1959  and  1961  was  estimated  by 
the  same  two  nonsegregating  populations,  yet  the  heritability  ratios  for 
the  two  years  are  considerably  different.  Year  effect  on  heritability 
ratios  estimated  in  this  manner  would  appear  to  be  appreciable. 


) 


t 
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Table  18.  Heritability  ratios  for  percentage  sucrose 
different  years  and  populations  using  three  methods. 

estimated 

from 

Method  of  estimation 
and  population 

Year 

1959 

1961 

1963 

Using  Nonsegregating  Populations  as 

Estimates  of  the  Environmental  Variance 

SLC  15  BB2 

0.729 

0.477 

0.308 

SLC  15  BB 

0.531 

0.334 

Pooled  progeny  lines 

0.521 

Polycross  composite  of  five  superior  sel. 

0.233 

Polycross  composite  of  all  selections 

0.245 

Synthetic  of  five  superior  selections 

0.315 

A56-3 

0.346 

Synthetic  of  all  recurrent  selections 

0.221 

Synthetic  of  five  superior  recurrent  sel. 

0.089 

Using  Analysis  of  Variance  Components 

Pooled  progeny  lines 

0.251 

Using  Parent-progeny  Regression 

Pooled  progeny  lines 

* 

0.316 

All  progeny  lines  in  1961  were  pooled  for  a  single  estimate  of 
heritability •  Since  there  were  only  100  observations  in  ten  replica¬ 
tions  within  each  progeny  line,  heritability  estimates  for  individual 
progeny  lines  could  not  be  considered  highly  reliable.  Heritability 
for  pooled  progeny  lines  in  1961,  0.521,  is  not  greatly  different  than 
the  parent  population,  SLC  15  BB2,  at  0.477}  hence,  the  heritable  vari¬ 
ability  has  been  changed  but  little  by  recombination  of  individuals 
phenotypically  superior  for  both  percentage  sucrose  and  weight  per  root. 
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The  slightly  lower  value  of  h2  for  SLC  15  BB2  relative  to  SLC  15  BBq  for 
both  1961  and  1963  is  not  sufficient  to  be  of  any  significance.  Examina¬ 
tion  of  h2  for  the  selected  populations  in  1963  indicates  a  general  re¬ 
duction  in  the  genetic  variance  due  to  the  selection  and  recombination 
practices.  Their  heritabilities  are  all  significantly  greater  than  zero 
except  for  the  synthetic  of  five  superior  recurrent  selections  where  h2  = 
0.089.  It  must  be  remembered  that  these  heritability  estimates  are,  as 
defined  by  Lush  (4),  broad  sense  estimates.  The  genotype  functions  as  a 
unit  in  the  individual  itself;  hence,  an  expression  of  all  types  of  gene 
action  is  meant  when  heritability  is  used  in  the  broad  sense.  But  the 
genes  segregate  and  recombine  each  generation  into  new  combinations,  and 
the  effects  which  genes  have  in  certain  combinations  may  be  transmitted 
only  in  part  if  at  all.  Lush  (4),  uses  heritability  in  the  narrow  sense 
to  describe  the  fraction  of  the  differences  between  parents  which  can  be 
expected  to  be  recovered  in  their  offspring..  The  heritability  estimates 
in  Table  18  developed  from  the  analysis  of  variance  and  parent-progeny 
regression  are  narrow  sense  estimates  of  heritability  and  as  such  are 
ratios  of  breeding  value  deviations  from  the  mean  to  total  deviations. 

The  analysis  of  variance  and  calculation  of  the  components  are  shown  in 
Table  19.  The  33  progeny  lines  in  1961  are  treated  as  half-sib  families 
in  the  manner  used  by  animal  workers.  In  reality,  a  few  of  the  individuals 
in  each  progeny  line  are  probably  full  rather  than  half-sibs.  If  mating 
had  been  completely  random  with  equal  likelihood  of  cross  and  self-pol¬ 
lination,  1/33  or  about  three  percent  of  all  individuals  would  be  full 
rather  than  half-sibs  and  about  three  percent  would  have  resulted  from 
self-pollination.  This  would  increase  slightly  the  genetic  covariance  of 
individuals  within  a  progeny  line  and  in  turn  would  increase  slightly  the 
narrow  sense  heritability  ratio  estimated  from  covariances  within  progeny 
lines.  It  is  not  likely  that  there  was  actually  three  percent  self-pol¬ 
lination.  Any  slight  increase  in  the  heritability  estimate  caused  by  the 
deviation  from  a  strict  half-sib  relation  can  be  ignored  without  serious 
consequence.  The  component  of  variance  for  half-sib  families,  or  progeny 
lines,  Of2,  is  the  variance  between  the  means  of  half-sib  families  and  it 
estimates,  according  to  Falconer  (3),  the  phenotypic  covariance  of  half- 
sibs  which  is  25  percent  of  the  additive  variance,  plus  6.25  percent  of 
the  additive  by  additive  component,  .iy^t  — Lv^^.  The  latter  term  is  a  small 
proportion  of  the  total  epistatic  va£ianc^6and  can  be  ignored  without 
serious  consequence.  Hence,  h2  =  V^/V^  =  4(0 .154130 )/2. 451756  =  0.251. 

No  deviations  due  to  dominance  enter  into  this  covariance  between  half-sibs. 
Dominance  components  enter  into  covariances  between  relatives  only  when 
they  have  common  dominance  elements ,  that  is  when  two  genes  at  a  locus  of 
an  individual  are  identical  by  descent  with  the  two  genes  at  the  same  locus 
of  its  relative. 


Table  19.  Analysis  of  variance  for  percentage  sucrose  of  all  progeny  lines  in  the  1961  polycross 
progeny  test  and  calculation  of  the  components  of  variation.!/ 
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The  heritability  estimate  from  the  parent-progeny  regression  is 
derived  from  the  relation  between  the  1959  sucrose  percentages  of  the 
33  parents  and  the  means  of  their  progeny  lines  in  1961.  Hence,  it  is 
the  regression  of  progeny  on  one  parent  and  as  such  is  an  estimate  of 
one-half  the  heritability.  This  represents  the  regression  of  breeding 
values  on  phenotypic  values,  which  in  this  case  estimates  one-half  the 
heritability  in  the  narrow  sense.  This  regression  coefficient  is  0.158 
and  heritability  is  then  estimated  as  0.316.  This  regression  based  on 
33  parent -progeny  comparisons  is  not  likely  to  be  as  accurate  as  the 
covariance  of  3300  half-sibs  used  to  estimate  Hence,  0.251  is 

considered  the  best  estimate  of  h^  in  the  narrow  sense. 

Using  the  covariance  between  half-sibs  to  estimate  the  additive 
variance  and  the  total  within-plct  variance  of  the  hybrid  to  esti¬ 
mate  the  environmental  variance,  the  total  within-plot  variance  of 
pooled  progeny  lines  is  partitioned  in  Table  20  into  additive  genetic, 
nonadditive  genetic,  and  environmental  variance.  The  nonadditive 
genetic  component  is  the  sum  of  the  dominance  and  interaction  compon¬ 
ents.  The  design  of  this  experiment  does  not  permit  the  partitioning 
of  these  two  components. 


Table  20.  Partitioning  of  the  variance  of  all  progeny  lines  for  per¬ 
centage  sucrose  in  the  1961  polycross  progeny  test. 


Component  of  variation 

Symbol 

Variance 

Total  within-plot 

VT 

2.330346 

Additive  genetic 

VA 

0.616520 

Nonadditive  genetic 

VD  +  VI 

0.597333 

Environmental 

VE 

1.116493 

The  total  genetic  variance  amounts  to  52  percent  of  the  total 
variance  with  slightly  more  than  half  of  this  total  genetic  variance 
attributed  to  additive  effects  of  the  genes  involved.  It  is  this 
additive  variance  that  is  the  important  component  since  it  is  the  chief 
cause  of  resemblance  between  relatives  and  the  chief  determinant  of 
the  response  of  the  population  to  selection.  The  relatively  large  non¬ 
additive  genetic  component  provides  possible  evidence  of  genic  domin- 
ancefbut  the  relative  importance  of  genic  dominance  to  interallelic 
interaction  cannot  be  deduced. 
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Heritability  estimates  (h2)  from  all  phases  of  the  study  for  weight 
per  root  are  presented  in  Table  21.  Using  nonsegregating  populations  as 
estimates  of  environmental  variance, it  appears  from  SLC  15  BB2  that  years 
have  considerable  effect  on  these  broad  sense  heritability  estimates. 

Year  effects  in  this  case  could  be  due  in  large  part  to  between  row  spac¬ 
ing.  The  1961  heritabilities  in  the  broad  sense  for  SLC  15  BB2  and  pooled 
progeny  lines  are  not  demonstrably  different  from  each  other  nor  are  they 
likely  to  be  different  than  zero.  The  year  effect  appears  to  have  re¬ 
sulted  in  a  considerable  increase  in  the  environmental  variability  rela¬ 
tive  to  the  genetic  variability.  This  is  pointed  out  by  an  examination 
of  the  components  in  Table  22.  Nearly  all  the  variability  in  weight  per 
root  occurs  within  plots,  ow 2  =  0.282553.  Hence,  most  of  the  variability 
is  between  half  sibs  relative  to  between  half-sib  families  or  progeny 
lines.  The  lack  of  between  row  competition  interacting  with  these  partic¬ 
ular  genotypes  in  the  1961  experiment  could  have  been  a  cause  for  this 
significant  increase  in  the  within-plot  variance.  The  components  of 
variance  in  Table  23  indicate  that  the  nonadditive  genetic  variance  is 
more, important  than  the  additive  genetic  variance,  but  neither  of  them  is 
of  any  significance  relative  to  the  large  environmental  variance. 
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Table  21.  Heritability  ratios  for  weight  per  root  estimated  from 
different  years  and  populations  using  three  methods. 


Method  of  estimation 
and  population 


1959 


Year 

1961 


1/ 


1963-^ 


Using  Nonsegregating  Populations  as 
Estimates  of  the  Environmental  Variance 

SLC  15  BB2  0.267  0.045 

SLC  15  BB1  0.134 

Pooled  progeny  lines  0,060 

Polycross  composite  of  five  superior  sel. 

Polycxoss  composite  of  all  selections 

Synthetic  of  five  superior  selections 

A56-3 

Synthetic  of  all  recurrent  selections 
Synthetic  of  five  superior  recurrent  sel. 


0.383 

0.402 

0.479 

0.466 

0.439 

0.489 

0.446 

0.559 


Using  Analysis  of  Variance  Components 

\  • 

Pooled  progeny  lines  0.023 

Using  Parent-progeny  Regression 

Pooled  progeny  lines  0.083 


1/  Heritability  estimates  based  on  log  weight  per  root 


Table  22.  Analysis  of  variance  for  weight  per  root  of  all  progeny  lines  in  the  1961  polycross  progeny 
test  and  calculation  of  the  components  of  variation.^/ 
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Table  23.  Partitioning  of  the  variance  of  all 
weight  per  root  in  the  1961  polycross  progeny 

progeny 

test. 

lines  for 

Component  of  variation 

Symbol 

Variance 

Total  within-plot 

VT 

0.282543 

Additive  genetic 

VA 

0.006462 

Nonadditive  genetic 

VD  +  VI 

0.010568 

Environmental 

VE 

0.265513 

Examination  of  the  heritability  estimates  for  the  selected  popu¬ 
lations  in  1963,  Table  21,  indicates  a  general  increase  in  the  genetic 
variance  relative  to  SLC  15  BI^.  The  selection  and  recombination 
practices  would  seem  to  have  increased  genetic  variability.  The  herit- 
abilities  of  all  selected  populations  are  significantly  greater  than 
zero.  „ 


The  heritability  estimate  of  0.083  for  pooled  progeny  lines  from 
the  parent-progeny  regression  in  Table  21  is  higher  than  the  broad 
sense  estimate  of  0.060.  Actually  this  is  impossible  since  the  domin¬ 
ance  and  epistatic  components  cannot  be  less  than  zero.  However,  the 
difference  is  small  and  could  easily  be  due  to  chance.  In  any  case 
the  relative  proportion  of  the  variance  attributable  to  environment  is 
very  high.  As  in  percentage  sucrose,  the  covariance  of  3300  half-sibs 
used  as  an  estimate  of  25'  percent  of  the  additive  variance  ^.s  considered 
more  accurate  than  the  parent-progeny  regression  based  on  33  paired 
observations. 

Effect  of  Selection  for  the  Monogerm  Character 

Since  SLC  15  BB2  resulted  from  a  critical  selection  for  monogerm 
segregates  in  SLC  15  BB^  and  consisted  initially  of  753  of  these  mono¬ 
germ  segregates,  the  genetic  constitution  of  SLC  15  BB2  and  SLC  15  BB^ 
should  be  practically  the  same  except  for  the  monogerm  character  and 
any  characters  linked  with  it.  Comparison  of  their  means  for  sucrose 
percentage  in  1961  and  1963  shows  the  sucrose  of  SLC  15  BB2  to  be  higher 
both  years,  the  difference  being  significant  in  1963.  This  is  an  indi¬ 
cation  of  a  possible  linkage  between  the  monogerm  character  and  higher 
percentage  sucrose. 

Examination  of  the  means  for  weight  per  root  reveals  no  apparent 
differences.  SLC  15  BB^  is  slightly  larger  in  1961  while  SLC  15  BB2 
is  slightly  larger  in  1963,  neither  of  the  differences  being  significant. 
These  data  provide  no  indication  of  a  linkage  between  the  genes  for  the 
monogerm  character  and  those  for  root  weight. 
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Discussion 


This  discussion  will  encompass  all  phases  of  the  study. 
Theoretical  Considerations 


The  individuals  selected  as  parents  in  this  study  were  large  con¬ 
tributors  to  the  genetic  variance  of  their  parent  population  by  virtue 
of  their  being  wide  deviates  from  the  population  mean.  If  this  supe¬ 
riority  is  not  passed  on  to  their  progeny,  it  could  be  for  any  or  a 
combination  of  several  reasons.  The  parental  superiority  may  have  been 
due  to  chance  alone  or  to  a  particularly  favorable  within-plot  environ¬ 
ment.  An  outstanding  interallelic  interaction  could  also  have  been  a 
contributing  factor.  If  this  were  the  case,  according  to  Falconer  (3), 
less  than  one-fourth  of  this  superiority,  on  the  average,  would  be  passed 
on  to  the  progeny.  Dominance  conditions  may  also  have  contributed  to  the 
superiority  of  selected  individuals.  None  of  this  superiority  would  be 
passed  on  to  the  progeny.  It  is  only  in  combination  with  a  particular 
type  of  gamete  that  this  type  of  parental  superiority  would  be  realized. 

A  most  common  contributor  to  superiority  of  an  individual  is  the  additive 
effects  of  its  genes.  Superiority  of  this  nature  should  be  reflected 
directly  in  the  progeny. 

If  all  variability  were  due  to  the  effects  of  completely  additive 
genes,  there  would  be  just  one  best  genotype  toward  which  mass  selection 
would  tend  to  move  the  population.  This  would  be  true  whatever  the 

point,  but  would  be  limited  by  the  available  resources  in  the 
gene  pool.  Hence,  the  limit  to  which  mass  selection  can  advance  a  popu¬ 
lation  will  have  been  reached  when  all  desirable  genes  are  fixed  in  the 
population.  For  characters  governed  by  many  genes  the  probability  is 
very  small  that  this  limit  can  be  reached. 

The  advance  demonstrated  by  the  1961  progeny  lines  could  be  due  to 
selection  for  additive  gene  effects  and  also  due  to  the  effects  of  suDe- 
nor  general  combining  ability.  The  two  are  confounded  in  the  experi¬ 
ment  except  as  they  can  be  differentiated  by  the  narrow  sense  heritability 
estimate.  The  two  can  also  be  differentiated  by  comparisons  of  the  data 
for  the  1963  populations.  The  demonstrated  advance  is  likely  to  have  re¬ 
sulted  from  a  combination  of  both  effects. 


Percentage  Sucrose 

In  1961  the . difference  in  percentage  sucrose  between  the  mean  for 
pooled  progeny  lines  and  SLC  15  BB2  was  0.5760*0.0715.  This  represents 
an  advance  of  about  four  percent,  t  is  8,06  with  3898  degrees  of  freedom. 
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This  advance  represented  by  the  mean  of  pooled  progeny  lines  is  highly 

significant.  Population  2  in  1963,  polycross  composite  of  all  selections, 

which  as  pointed  out  earlier  is  somewhat  analogous  to  the  pooled  progeny 

lines  in  1961,  is  not  different  than  SLC  15  BB2.  This  would  indicate  that 

some  of  the  advance  in  percentage  sucrose  demonstrated  in  1961  may  have 

resulted  from  a  favorable  genotype  by  year  interaction.  The  means  for 

populations  5  and  6  from  Table  3,  resulting  from  recurrent  selections,  are 

the  only  segregating  populations  which  significantly  exceed  SLC  15  BB2. 

They  are  first  generation  synthetics  resulting  from  interpollination  of 

phenotypic  selections  from  superior  combining  progeny  lines.  The  advance 

represented  by  these  populations  is  beyond  that  of  the  first  cycle  of 

selection.  This  advance  indicates  that  sucrose  percentage  can  continue 

to  be  improved  through  advanced  cycles  of  selection.  These  recurrently 

selected  populations  represent  a  significant  increase  over  the  adapted 

commercial  variety,  population  4. 

> 

The  genetic  variances  of  populations  5  and  6  are  the  lowest  of  all 
eight  segregating  populations.  Hence,  the  increased  means  have  been  ac¬ 
companied  by  decreased  genetic  variances.  The  considerably  reduced  genetic 
variance  of  population  6  may  be  partly  due  to  the  fact  that  two  of  the  five 
individuals  recombined  to  form  this  population  were  selections  from  the 
same  progeny  line  in  1961;  hence,  they  were  related  as  at  least  half-sibs. 
This  relation  in  population  6, accompanied  by  increased  means,  reduced  ge¬ 
netic  variances,  and  continued  improvement  due  to  recurrent  selection 
indicates  that  a  considerable  portion  of  the  genetic  variation  and,  hence, 
genetic  improvement  due  to  selection, may  be  due  to  additive  gene  effects. 

Population  3  in  1963  is  the  only  selected  population  resulting  in  a 
lower  sucrose  percentage  than  the  parent  population,  SLC  15  BB^.  This 
first  generation  synthetic  of  five  genotypes  shown  to  be  superior  in  the 
progeny  test  could  be  lower  if  the  five  genotypes  were  somewhat  similar  as 
regards  their  nonadditive  gene  effects.  This  assumes  dominance  and  epi- 
static  gene  effects  to  be  of  major  importance,  which  is  somewhat  contrary 
to  evidence  from  populations  5  and  6,  However,  it  should  be  pointed  out 
that  all  selected  populations  need  not  necessarily  exhibit  the  same  type 
of  genetic  behavior. 

The  genetic  gain  predicted  in  1959  could  be  attained  by  reproducing 
the  genotypes  represented  by  the  identifiable  genetically  superior  indi¬ 
viduals.  If  these  individuals  are  superior  because  of  the  additive  effects 
of  their  genes^this  superiority  should  be  passed  on  to  their  progeny.  The 
degree  to  which  this  superiority  fails  to  be  transmitted  to  the  progeny 
should  be  an  indication  of  the  relative  importance  of  dominance  and  epi- 
static  gene  effects  in  the  identifiable  genetically 'superior  individuals. 
The  predicted  mean  for  percentage  sucrose  in  1959  was  12.13  and  represents 
an  advance  of  5.4  percent.  This  predicted  advance  should  be  comparable 
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with  the  advance  for  pooled  progeny  lines  in  1961  which  is  3.8  percent. 
Hence,  somewhat  over  half  of  the  superiority  of  the  identifiable  genetic 
deviates  appears  to  be  due  to  additive  gene  effects.  The  partitioning  of 
the  genetic  variance  of  the  33  progeny  lines  in  Table  20  also  indicates 
that  about  half  the  genetic  variance  is  attributable  to  additive  gene 
effects . 


Since  the  tests  of  normality  of  the  1963  percentage  sucrose  data 
indicate  that  the  environmental  variability  is  not  normally  distributed., 
it  follows, according  to  Robspn  and  Powers  (8),  that  the  heritability  ratios 
and  identifiable  numbers  of  genetic  deviates  are  not  equivalent  and  that 
neither  can  be  regarded  as  an  adequate  index  of  the  true  heritability. 

The  true  heritability  in  this  case  is  inestimable.  This  lack  of  equiv¬ 
alence  is  evidenced  in  Table  8  where  for  percentage  sucrose  there  were 
significant  correlations  between  the  broad  sense  heritabilities  and  iden¬ 
tifiable  numbers  of  inferior  and  total  identifiable  numbers  of  genetic 
deviates  but  no  relation  with  identifiable  numbers  of  superior  genetic 
deviates.  Since  it  is  the  superior  deviates  in  which  the  breeder  is  most 
interested, it  can  be  concluded  that  for  the  eight  segregating  populations 
m  1963  the  heritabilities  as  calculated  are  probably  not  the  most  useful 
-^ndex  of  the  breeding  value  of  the  population.  The  identifiable  numbers 
of  genetic  deviates  probably  provide  a  better  breeding  guide  but  still  do 
not,  by  themselves,  provide  information  about  the  breeding  value  o.f  the 
population  as  described  by  Falconer  (3).  For  example,  if  all  the  superior 
genetic  deviates  were  superior  because  of  interallelic  interactions  then 
most  of  what  would  be  accomplished  by  mass  selection  for  these  epistatic 
effects  would  be  undone  in  the  first  random  mating  generation  after  selec¬ 
tion,  assuming  equal  frequency  of  allels.  If  as  is  indicated  in  Table  20 
about  half  of  the  genetic  variance  is  due  to  the  additive  effects  of  genes, 
then  the  identifiable  numbers  of  superior  genetic  deviates  should  be  a  fair 
lndex^or  the  breeding  value  of  a  population,  superior  to  the  broad  sense 
heritability  ratio. ^  As  was  implied  above,  the  one  thing  identifiable  num¬ 
bers  of  genetic . deviates  does  not  tell  the  breeder  is  why  these  individuals 
are  genetic  deviates  and,  hence,  how  they  should  be  utilized  in  a  breeding 
program  to  capitalize  on  this  parental  superiority. 

O  <  > 

Weight  per  Root 


The  predicted  mean  for  weight  per  root  in  1959  was  0.717  kilograms 
which  represents  an  advance  of  14  percent.  The  obtained  advance  measured 
by  pooled  progeny  lines  in  1961  is  6.0  percent.  According  to  these  calcu- 

their*  progeny ^  ^  °f  the  parental  s“P-iority  is  passed  on  to 


considering  the  advance  made  in  weight  per  root,  from  Table  9  it 
was  noted  that  populations  1  and  3  in  1963  were  significantly  greyer  than 
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the  parental  material  SLC  15  BB2  (population  7),  representing  increases  of 
6.3  and  15.4  percent,  respectively .  Populations  2,  5,  and  6  could  not  be 
demonstrated  to.be  different  from  SLC  15  BB2.  Populations  1  and  3  are  re¬ 
lated  as  half  sibs  and,  hence,  should  theoretically  have  a  genetic  correla¬ 
tion  of  0.25.  This  could  partially  account  for  their  parallel  improvement. 
If  the  five  parents  leading  to  these  two  populations  simulated  different  Fi 
genotypes , then  populations  1  and  3  would  simulate  a  composite  of  double 
crosses. 

Population  2,  which  actually  represents  a  single  generation  of  mass 
selection,  shows  no  progress.  This  is  evidence  that  mass  selection  is  of 
little  value  in  increasing  the  yielding  capacity  of  a  relatively  adapted 
population.  .Populations  5  and  6, which  are  recurrent  selections  from  progeny 
lines  with  high  general  combining  ability,  have  failed  to  combine  with  each 
other  any  better  than  the  average  of  SLC  15  BB2 . 

Even  though  recurrent  selection  from  the  high  performance  polycross 
lines  failed  to  advance  weight  per  root, it  must  be  recalled  that  percentage 
sucrose  was  significantly  improved  in  both  these  populations.  Hence,  in 
these  two . populations  resulting  from  recurrent  selection  for  general  com¬ 
bining  ability,  root  weight  has  been  maintained, while  percentage  sucrose 
has  been  improved.  Population  1  which  is  a  composite  from  the  five  high 
performing  polycross  lines  is  the  opposite  of  populations  5  and  6,  In  this 
case  percentage  sucrose  has  been  maintained,  while  root  weight  has  been  im¬ 
proved,  Hence,  populations  1,  5,  and  6  should  represent  improvements  over 
SLC  15  BB2. 

It  is  of  interest  to  note  from  Table  11  that  all  segregating  popula¬ 
tions  have  larger  genetic  variances  than  SLC  15  BB2  although  only  popula¬ 
tions  4  and  6  are  significantly  greater.  This  relatively  high  variance  for 
population  6  is  without  apparent  explanation  considering  that  two  of  the 
five  parents  of  this  population  are  half  sibs.  However,  examination  of  the 
frequency  distribution  in  Table  12  indicates  that  population  6  is  probably 
trimodal,  resulting  in  larger  within  plot  and  genetic  variances.  This  is 
also  reflected  in  the  numbers  of  genetic  deviates  in  Table  14  where  popula¬ 
tion  6  has  significantly  larger  identifiable  numbers  of  both  superior  and 
inferior  genetic  deviates. 

For  log  weight  per  root  in  1963, the  frequency  distributions  due  to 
environment  are  not  normally  distributed.  In  spite  of  this, the  correla¬ 
tions  between  identifiable  numbers  of  genetic  deviates  and  heritability 
ratios  are  all  significant  and  relatively  high  as  shown  in  Table  15.  There¬ 
fore,  these  broad  sense  heritability  ratios  are  quite  good  indicators  of  the 
identifiable  numbers  of  genetic  deviates  in  the  1963  populations,  especially 
of  inferior  genetic  deviates.  As  in  the  case  of 'percentage  sucrose, the 
identifiable  proportion  of  superior  genetic  deviates  is  probably  a  better 
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indicator  of  the  genetic  potential  of  a  population  than  is  the  broad  sense 
heritability  ratio.  However,  this  proportion  does  not  provide  information 
as  to  the  type  of  gene  action  involved.  Information  of  this  nature  must 
come  from  partitioning  the  genetic  variance,  or  better,  from  actual  Derform- 
ance  tests. 

Percentage  Sucrose  and  Weight  per  Root 

The  identifiable  numbers  of  genetic  deviates  from  the  1963  bivariate 
frequency  distributions  of  each  population  grouped  into  superior,  inferior, 
and  total  are  listed  in  Table  16,  The  multiple  correlations  of  the  broad 
sense  heritability  ratios  with  the  identifiable  numbers  of  genetic  deviates, 
as  shown  in  Table  17,  fail  to  detect  any  significant  relation.  This  is  con¬ 
trary  to  results  found  by  Powers  et  al.  (6),  where  they  found  significant 
multiple  correlations  with  both  identifiable  numbers  of  superior  and  total 
identifiable  numbers  of  genetic  deviates.  This  was  with  an  entirely  dif¬ 
ferent  group  of  populations,  of  course,  and  they  did  not  show  the  heritabil¬ 
ity  ratios  for  the  two  characters  to  be  related.  The  low  multiple  correla¬ 
tions  in  Table  17  are  probably  due  in  part  to  the  lack  of  normality  of  the 
bivariate  distributions.  Although  these  bivariate  distributions  are  not 
tested  directly  for  normality,  the  joint  distribution  of  two  anormal  uni¬ 
variate  distributions  should  itself  be  anormal. 

Under  conditions  of  bivariate  normality,  the  multiple  correlation  co¬ 
efficient  would  serve  as  an  index  of  the  predictive  value  of  the  two  herit¬ 
ability  ratios  as  regards  the  number  of  genetic  deviates.  In  the  case  at 
hand, little  information  about  the  identifiable  number  of  doubly  superior 
individuals  would  be  gained  by  examination  of  the  heritability  ratios  for 
weight  and  for  sucrose.  ^  In  this  special  case,  this  is  partly  due  to  the 
negative  relationship  between  the  heritability  ratios  for  weight  and  su¬ 
crose,  r  =  -0.731.  Hence,  the  identifiable  number  of  superior  genetic  de¬ 
viates  tends  to  maximize  when  the  two  heritability  ratios  are  near  their 
mean  for  all  populations . 

A  more  easily  interpretable  indicator  of  the  relation  of  identifiable 
numbers  of  genetic  deviates  and  heritability  ratios,  hg  and  h§,  might  be 
the  simple  correlation  of  the  numbers  of  genetic  deviates  on  h2h2  or  /h^h’A 
h2h2  would  be  similar  to  a  joint  probability,  or  the  product  o^  ¥wo  in-s  w* 
dependent  probabilities.  /h|h^  would  be  the  geometric  mean  of  the  herit- 
abilities  for  sucrose  and  weight.  Correlations  of  the  index  h2h2  with 
superior,  inferior,  and  total  identifiable  numbers  of  genetic  deviates  in 
the  1963  data  are  respectively  -0.42,  0.01,  and  -0.20.  These  same  corre¬ 
lations  with  the  index  /h'^  are  -0.43,  -0.03,  and  -0.23.  None  of  these 
correlations  are  significant,  but  it  should  be  noted  that  they  tend  to  be 
negative.  This  is  further  evidence  that  except  under  conditions  of  nor¬ 
mality  more  information  about  the  breeding  potential  of  a  population  is  to 
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be  gained  by  examination  of  partitioned  frequency  distributions  than  by  a 
study  of  the  heritability  ratios. 

Components  of  Variance 

In  the  development  of  the  components  of  variance  in  this  study,  the 
use  of  an  estimate  of  genetic  variance  contingent  on  measuring  the  variance 
of  nonsegregating  populations  as  an  approximation  of  environmental  variance 
is  considered  usable  for  percentage  sucrose  and  log  weight  per  root. 

In  finding  the  total  genetic  variance  by  subtracting  the  variance  of  a 
homozygous  line  or  an  estimate  of  the  environmental  variance,  the  remainder 
is  considered  a  measure  of  the  deviations  due  to  the  additive  gene  effects 
as  well  as  all  of  the  dominance  and  epistatic  effects. 

The  calculation  of  variance  components  in  Tables  19  and  22  is  an 
attempt  to  partition  this  total  genetic  component  into  additive  and  non¬ 
additive  components.  The  analysis  is  essentially  a  determination  of  the 
covariance  of  half-sibs  which  is  on  an  average,  according  to  Falconer  (3), 
one-fourth  of  the  additive  genetic  variance  and  one-sixteenth  of  the  addi¬ 
tive  by  additive  epistatic  variance.  Ignoring  the  small  portion  of  the 
epistatic  variance,  this  provides  the  estimate  of  the  additive  component. 
This  estimate  could  be  biased  upward  by  the  linkage  of  genes  controlling 
the  character  of  interest.  Linkage  would  result  in  an  increase  in  the 
covariance  of  half-sibs;  the  closer  the  linkage, the  greater  the  increase. 
There  is  no  basis  for  determining  whether  or  not  linkage  exists  in  the 
populations  under  study,  but  its  possibility  should  be  borne  in  mind. 

Breeding  Considerations  ,  . 

A  study  of  the  means,  variances,  and  partitioned  frequency  distribu¬ 
tions  for  percentage  sucrose  indicates  that  the  narrow  sense  heritability 
estimate  of  0.251  for  pooled  progeny  lines  in  1961  is  at  least  reasonable. 
Together,,  then,  they  indicate  that  genetic  improvement  of  percentage  sucrose 
should  be  possible  with  SLC  15  BB2  through  both  additive  and  nonadditive 
gene  effects.  Hence,  the  greatest  improvement  should  be  achieved  through 
the  use  of  breeding  methods  designed  to  capitalize  on  both  types  of  gene 
action.  Recurrent  or  reciprocal  recurrent  selection  should  provide  the 
best  scheme  for  improvement  of  percentage  sucrose.  However,  considerable 
progress  should  be  possible,  using  various  mass  selection  schemes. 

Unfortunately  the  1961  estimates  of  genetic  variance  for  weight  per 
root  are  too  low  to  be  of  much  value  in  the  study.  As  pointed  out  pre¬ 
viously,  they  are  considered  to  have  resulted  from  over-estimation  of  the 
environmental  variance.  However,  considerations  of  means,  variances,  par¬ 
titioned  frequency  distributions,  and  heritability  ratios  over  all  years 
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lead  to  the  conclusion  that  additive  gene  effects  are  of  less  importance, 
relative  to  those  for  percentage  sucrose,  than  nonadditive  gene  effects. 
Breeding  methods  like  recurrent  selection  and  reciprocal  recurrent  selec¬ 
tion  should  offer  the  greatest  promise  for  advancement  of  root  weight. 

Based  on  the  apparent  importance  of  nonadditive  gene  effects,  it  appears 
that  synthetic  combinations  provide  a  means  of  more  immediate  improvement 
for  yield  of  sugar  but  theoretically  cannot  provide  the  ultimate  in  genetic 
advance. 

The  desirability  of  large  populations  in  any  improvement  program  cannot 
be  overemphasized.  The  approximately  9,600  individuals  screened  for  supe¬ 
rior  individuals  are  for  this  population  a  bare  minimum.  It  will  be  re-" 
called  that  only  two  individuals  per  10,000  were  expected  to  have  a  prob¬ 
ability  of  greater  than  0.999  for  being  genetically  superior  for  both  per¬ 
centage  sucrose  and  weight  of  root. 

That  there  are  genetically  superior  individuals  segregating  in  the 
population  indicates  that  there  are  rare  gametes  which  in  combination  with 
other  rare  gametes  produce  a  superior  zygote.  The  data  of  this  study  in¬ 
dicate  that  these  zygotes  result  partially  from  high  combining  ability. 

Since  the  species  cannot  be  readily  asexually  propagated,  the  constant 
reproduction  of  these  superior  gametes  can  come  only  from  homozygous  lines. 
Hence,  it  will  probably  be  necessary  to  fix  the  genotype  by  inbreeding, 
which  produces  these  superior  gametes,  in  order  to  reproduce  them.  This 
means  the  development  of  a  program  not  different  than  that  developed  in 
corn  breeding.  However,  the  additive  effects  of  genes  in  these  populations 
should  not  be  discounted,  particularly  for  percentage  sucrose.  The  devel¬ 
opment  of  populations  on  which  recurrent  or  reciprocal  recurrent  selection 
and  ultimately  inbreeding  can  be  practiced  may  be  effected  through  the 
isolation  and  crossing  of  genetically  superior  individuals.  It  is  pos¬ 
sible  that  such  a  breeding  scheme  could  reduce  considerably  the  amount  of 
effort  involved  in  a  recurrent  or  reciprocal  recurrent  selection  program. 


Summary 


The  purpose  of  the  study  is  to  obtain  fundamental  information  on 
methods  of  breeding  sugarbeets.  Mass  selection  from  small  units,  poly¬ 
cross  performance,  recurrent  selection  for  general  combining  ability, 
and  synthetic  combinations  are  used  in  an  attempt  to  modify  the  popula¬ 
tion  genotypes  with  respect  to  improved  weight  per  root  and  percentage 
sucrose.  The  partitioning  method  and  components  of  variance  are  used  in 
interpreting  and  evaluating  the  effects  of  the  breeding  practices. 

The  experiment  was  conducted  over  six  years.  Using  the  small  unit 
method  of  mass  selection,  selections  were  made  from  a  broad  based  mono¬ 
germ  sugar  beet  population  with  these  selections  being  polycrossed  and 
progeny  tested.  Recurrent  selections  for  general  combining  ability  were 
made  in  the  polycross  progeny  test.  Five  different  synthetic  or  compos¬ 
ite  populations  were  developed  and  compared  with  parental  and  various 
other  populations. 

For  percentage  sucrose, the  two  synthetic  populations  developed  from 
recurrent  selections  have  significantly  higher  means  than  the  parental 
material  from  which  the  initial  selections  were  made.  The  synthetic  from 
asexual  propagations  of  the  initial  selections  is  significantly  lower. 

The  two  populations  of  composited  polycrossed  seed  can  not  be  shown  to  be 
different.  The  two  synthetic  populations  from  recurrent  selections  which 
have  the  highest  means  have  at  the  same  time  the  lowest  genetic  variances. 

As  regards  weight  per  root, the  composite  of  polycrossed  seed  from 
five  plants  and  the  synthetic  from  asexual  propagations  are  higher  than 
the  initial  parental  population,  while  the  other  three  populations  are  not 
significantly  different.  Considering  both  characters,  it  appears  that  the 
polycross  composite  of  five  superior  selections  and  the  two  synthetics  of 
recurrent  selections  represent  improvements  over  the  parental  population. 

The  identifiable  proportions  of  genetic  deviates  are  determined  using 
the  partitioning  method.  From  the  partitioned  bivariate  frequency  distri¬ 
butions,  it  appears  that  except  under  conditions  of  normality  more  informa¬ 
tion  about  the  breeding  potential  of  a  population  is  to  be  gained  by  exam¬ 
ination  of  the  identifiable  numbers  of  genetic  deviates  than  by  a  study 
of  the  heritability  ratios. 

Components  of  variance  calculated  from  a  half-sib  covariance  analysis 
indicate  that  for  percentage  sucrose  additive  gene  effects  are  equally  as 
important  as  dominance  and  epistatic  effects.  For  weight  per  root  there 
is  some  evidence  that  dominance  and  epistatic  effects  are  of  greater  im¬ 
portance  than  additive  gene  effects.  Indications  are  that  the  greatest 
improvement  in  both  weight  per  root  and  percentage  sucrose  in  sugarbeets 
should  be  achieved  through  the  use  of  breeding  methods  designed  to  capita¬ 
lize  on  both  types  of  gene  action. 
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EVALUATION  OF  SUGARBEET  VARIETIES  AND  BASIC  BREEDING  MATERIAL 
SUITABLE  FOR  THE  GREAT  LAKES  REGION 


Ha*  •valuation  program  was  continued  in  1965  on  a  cooperative  basis  as 
it  has  been  for  several  years*  Wind  damage,  emergence  and  other  problems 
affected  about  half  the  variety  tests  this  year.  Incomplete  data  were 
taken  from  seme  tests,  while  others  were  completely  abandoned.  The  report 
is  divided  into  two  seotions:  l)  regional  field  tests  of  advanoed  hybrids 
that  are  candidates  for  growers  use;  2)  miscellaneous  hybrids  and  open** 
pollinated  material . 


Seotion  1.  Regional  Field  Tests  of  Hybrids 

In  1965  regional  field  tests  were  oomposed  of  seven  hybrids  and  $822, 
These  were  tested  in  an  8  x  8  Latin  Square  design.  The  hybrids  were 
pollinated  by  either  SP5822-O  or  SP6322-O.  Two  hybrids,  SL( 126x128 )ms 
X  SP5822-O  and  SL(l29xl33  )ma  X  SP5822-O,  and  SP5822-O  are  repeats  from 
last  year's  tests.  This  is  the  first  year  for  SF6322-O  as  a  pollinator 
in  the  regional  field  tests.  A  direct  comparison  can  be  made  between 
SP5822-O  and  SP6322-O  with  SL( 129x133 )ma  as  the  female  parent. 

All  tests  were  examined  in  mid-September  and  harvest  data  were  taken 
only  from  those  tests  judged  to  be  uniform  enough  for  reliable  results. 

QUALITY  -  Pounds  of  recoverable  sugar  per  ton: 

The  relative  results  for  the  1965  data  are  different  from  the  19&+  data 
for  the  three  common  varieties  over  the  two  years.  In  19 6b  SP5822-O 
was  higher  than  the  two  common  hybrids;  in  some  oases  significantly  so. 
Whereas  in  1965  SP5822-O  was  lower  than  the  two  common  hybrids,  and  in 
some  oases  this  difference  was  significant.  The  hybrid  ( SP6l21xEL3l )ma 
X  SF6322-O  gave  the  most  consistent  high  quality  response. 

QUANTITY  -  Tons  of  roots  per  acre: 

The  hybrid  SL(l29xl33  )ms  X  SP6322-O  gave  a  higher  yield  response  than 
(SP6l21xEL3l  )ms  X  SF6322-O,  the  next  highest  overall  contender.  The 
hybrid  with  SP6322-O  pollinator  on  SL(l29xl33 )ms  resulted  in  higher  yields 
than  the  one  with  SP5822-O  on  the  same  female.  The  difference  was  sig¬ 
nificant  only  at  Sebewaing,  however. 

FRODUCTICN  -  Pounds  of  recoverable  sugar  per  acre : 

The  best  overall  performance  was  that  of  hybrid  SL(  129x133  )ma  ^  SP6322-O 
followed  by  (SP6l21xEL3l  )ms  X  SP6322-O  and  SL(l29xl33 X  SP5822-0. 
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DISEASE  RESISTANCE  -  Leaf  spot  readings: 

SP5 822-0  showed  more  resistance  than  the  hybrids  in  the  tests.  The  SL 
females  gave  less  resistance  to  their  hybrids  than  did  the  Eastern 
numbers.  The  Utah  -  Idaho  seed  number  3561  contributed  resistance  to 
the  single  cross  female  SP6l21x356lms.  It  should  be  pointed  out  that 
the  Ottawa,  Ohio,  test  from  which  the  leaf  spot  data  were  taken,  is 
different  from  the  Hamler,  Ohio, test  where  the  harvest  data  were  taken 
(and  leaf  spot  did  not  occur). 


1965  average  Leaf  Spot  ratJ 
those  trials  where  ratings 

Varieties 

Lngs  on  varieties  in  8  x  8 
were  possible. 

Ontario 

test.  Summary  of 

Ohio 

Ridgetown 

Chatham 

Ottawa 

9-15 

9-15 

9-14 

10-11 

SL( 126x128 )msXSP5822-0 

3.6 

4.0 

3.6 

4*8 

SL( 129x133 )msXSP5822-0 

30 

3*9 

3.8 

5.0 

SL  ( 1 26x129  )msXSP6322-0 

3.1 

3.9 

SU26XSP5460 

3.6 

5.0 

SL( 129x133 )msXSP6322-0 

3.1 

3.9 

3.3 

4*6 

(SB6l21xEL3l  )msXSP6322-0 

2.7 

2.9 

2.4 

3*4 

( SP612IXEL3I4.  )msXSP5 822-0 

2.7 

2.9 

2.5 

4.0 

( SP6l21x356l )rasXSP6322-0 

2.3 

2.6 

1.6 

3*5 

SP5 822-0 

2.1 

2.0 

1*4 

3*3 

General  Mean 

2.88 

3.25 

2.77 

4*20 

S.  E.  Var.  Mean 

.13 

.23 

.21 

.13 

Above  as  jo  Gen.  Mean 

4.5 

7»l 

7*6 

3.0 

LSD  5 jo  Point 

0.4 

0.7 

0.6 

0.4 

Correlations  Between  Readings 

Chatham 

QttegSL- , 

9-15 

9-14  10-11 

Ridgetown  (9-15 )  *95 

.97  .91 

Chatham  (9-15 ) 

•97  -9k 

Ottawa  (9-1 4) 

•95 

Consolidated  results  of  1965  8X8  Latin  Square  tests  in  Michigan, 
Ontario,  and  Ohio,  All  data  except  Beets/lOO  feet  of  row  and  Leaf 
Spot  in  percent  of  General  Mean. 


Percent  of  Gene  red  Mean _ :  Aotual 


Variety 

Recov. 
Sugar 
ter  A.a 

Roots  Sugar 
per  per 
Aore  Ton 

Suorose  Purity*3 

:Beets 
:  per 
:100» 

Leaf 

Spot0 

3L( 126x128 )msXSP5 822-0 

s*  98 .g 
m  92.U 

0  83  .k 

H  98.1 

102.6  96.4 
90.4  102.2 
86.8  96.6 
100.1  98.3 

97.6 
100.3 

98.6 
.  98.7 

99  .i* 
101.0 
99.0 

99.8 

:  91 
:  82 
:  44 
:  104 

4.0 

SL( 129x133 ) ms XSP5 822-0 

3  10^.9 

M  106.1 

c  109.2 

H  98.0 

iq4.2  99.9 

IO5.9  IOO.3 
104.7  104.3 

96.7  101.2 

99.7 

100.6 

103.4 

100.6 

100.1 

99.9 

100.5 

100,3 

:  103 
:  1C4 
:  94 
:  112 

3*9 

SL  ( 1 26x1 29 )  msXSP63 22-0 

SL126xSP5l+60-0 

s  105.6 

M  98.7 
c  101.6 

H  101.6 

102.0  103.5 
100.1  98.7 
96.3  105.5 
100.4  101.2 

102.0 

99.4 

103.5 

100.2 

100.8 

99.6 

101.0 

100.6 

:  97 
:  96 
:  71 
t  115 

3.9 

SL( 129x133 )msXSP6322-0 

s  113.7 

M  111.8 

C  114.4 

H  107.5 

116.2  98.4 

109.4  102.4 

110.4  iq4.o 

108.2  99.3 

98.7 

101.9 

102.9 
99  .5  . 

99.8 

100.3 

100.5 

99.9 

:  102 
:  100 
:  96 

:  116 

3*9 

( SP6l21xBL3l  )msXSP6322-0 

s  103.2 

M  107.2 

c  109.4 

H  106.0 

100.0  103.2 

103.1  104.0 

107.2  102.3 
103.6  102.3 

102.7 
103  M 

101.7 
102.4 

100.3 

100.3 
IOO.3 

99.9 

:  103 

l  101 

83 

119 

2.9 

( SP6l21xIL34 )msXSP5 822-0 

s  90.3 

M  95.9 

0  95. 1 

H  99.9 

90.8  99.3 

95.8  100.3 

98.9  96.3 

9U-8  100.7 

100.0 

100.4 

97.4 
101.3 

99.7 

100.0 

99.4 

99.7 

99 

98 

69 

106 

2.9 

(SP6l21x356l )msXSP6322-0 

s  94.6 

M  101.3 

c  103.4 

H  95.7 

98.2  96.5 

102.6  98.6 
105.9  97.7 
97.4  98.3 

96.7 

98.7 
97.6 
98.0 

99.9 

100.0 

100.1 

100.1 

101 

102 

68 

116 

2.6 

SP5822-0 

S  88.8 

M  86.7 
c  83.6 

H  97.6 

86.1  102.9 

92.7  93.4 

89.7  930 
98.9  98.6 

102.7 

95*4 

95.0 

99.2 

100.1 J 

99.0: 
99*1 : 
99.7* 

100 

100 

51 

112 

2.0 

Peroent  LSD  5$  level 

S  12.5  10.4  6.2NS 

M  6.5  4*9  5*° 

c  11.5  11.3  5.5 

H  14.5NS  14.6ns  4.4ns 

5.3NS 

3.3 

3.8 

3.5NS. 

1.1NS 

1.1 

1.7NS 

0.7NS 

:  4 

:  7 
:  13 

:  NS 

0.7 

General  Mean  (Actual ) 

S  464o 

M  4902 

c  5983 

H  6941 

19.2  24l.8 

20.3  241.4 
24.2  247.1 
23.7  293.5.  

13.29 

13.74 

i4.13 

1^94 

9U-9U 

93.28 

93.10 

95.53 

100 

98 

72 

113- 

3.25 

*  S  -  Sebewaing,  Mich.;  M  -  Marietta,  Mich.,;  C  -  Chatham,  Ontario; 


H  -  Hamler,  Ohio 

Standard  footnotes  a*,  8*,  and  c*  on  page  343. 


AGRONOMIC  EVALUATION  TEST 


L 


Conducted  by 
Location : 


John  Niederer 

Harold  Gremel  farm,  Sebewaing,  Michigan 

F&M  Beet  Sugar  Association  -  Michigan  Sugar  Company 


Cooperation : 

Date  of  Planting:  April  30,  1965 
Date  of  Harvest:  November  8,  1965 


Experimental  Design:  8x8  Latin  Square 

Size  of  Plots;  4  Rows  28"  wide  and  30  feet  long 


Harvested  Area  per  Plot  for  Root  Yield:  4  Rows  -  28  ft.  long 


Samples  for  Sucrose  Determination:  One  10  beet  sample  was  gathered 

from  competitive  beets  before 
plots  were  harvested 


Stand  Counts:  Stands  averaged  110$  throughout  the  test 


Recent  Field  History:  1962  Beans  -  250#  6-24-12 

1963  Corn  -  250#  6-24-12 

1964  Beans  -  250#  6-24-12 


Fertilization  of  Beet  Crop:  600#  8-32-16  plus  Bo  plus  Mn  at  plant¬ 
ing  and  45#  N  sidedressed 


Black  Root  Exposure : 

Leaf  Spot  Exposure: 

Other  Diseases  and  Pests: 


Slight 


None 


Soil  and  Seasonal  Conditions 


Seed  bed  moist  at  planting  -  less  than 
normal  rainfall  throughout  May,  Junei 
July  and  August 7September  to  harvest 
heavier  precipitation 


Reliability  of  Test: 


Excellent 
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Cooperator:  F  &  M  Beet  Sugar  Association-Mich.  Sugar  Co,  Year :  196^ 
Location:  Harold  Gremel  Farm.  Sebewaing.  Michigan _  Exp.  _ 1 


8X8  Latin  Square 


Variety 

Recov. 
Sugar 
per  A.a* 

Roots 

per 

Acre 

Sugar 

per 

Ton 

Sucrose 

Pur i tyk 

Beets 
per  Leaf 
100'  Spot0, 

Lbs . 

Tons 

Lbs . 

i 

No. 

SL( 126x128 )msXSP5822-0 

k$&9 

19.7 

233.O 

12.98 

94o33 

91 

SL( 129x133 )msXSP5822-0 

i+867 

20.0 

2l+l  .1+ 

13.25 

95.03 

103 

SL( 126x129 )msXSP6322-0 

1+898 

19.6 

250.2 

13.56 

95.69 

97 

SL( 129x133 )msXSP6322-0 

527+ 

22.3 

237.8 

13.12 

94.72 

102 

( SP6l21xEL3l )msXSB6322-0 

i+790 

19.2 

2i+9.6 

13. 61+ 

95.26 

103 

( SP6l21xEL34 )msXSP5 822-0 

U192 

17-4 

240.2 

13.29 

94.60 

99 

(SP6l21x356l )msXSP6322-0 

4389 

I8.9 

233.3 

12.85 

94.87 

101 

SP5 822-0 

i+122 

16.5 

21+8.7 

13.65 

95.01 

100 

General  Mean 

l+61+o 

19.2 

21+1.8 

13.29 

94.94 

100 

S.  E.  Var .  Mean 

203 

0.71 

500 

0.21+5 

O.3O3 

1.5 

Above  as  j0  Gen.  Mean 

4.4 

3.7 

2.2 

1.8 

0.3 

1.5 

LSD  %jo  Point 

579 

2.0 

N.S. 

N.S. 

N.S. 

4 

Latin  Square  Analysis 

Variance  Table 

Mean  Squares 

Source  of  Variation 

d/f 

:  :  :  :Beets: 

Recov.  :  : Sugar  :  :  :  per  :Leaf 

Sugar  :Roots:per  T.  :Sucrose  :Purit.y :  100':Spot 

Between  Rows 

Between  Columns 
Between  Varieties 
Remainder  (Error) 
Total 

Calculated  F.  Value 

7 

7 

7 

42 

63 

3,053,992:45.55:388.79:0.9514  :0.3829:  138  : 

680,262:  8.69:508,63:0.8505  :3.5246:  78  : 
1,231,000:24.14:397.65 :Oo7421  :1 .3994:  134  : 

329,171:  4.01:221+. 32:0.1+814  10.7361:  19  : 

•  •  •  •  •  • 

%  ,  #  ^  •  . 

3 . 74"'W  :6.02*t  N.S.  :  N.S.  :  N.S.  .*7.05*? 

Standard  Footnotes  a#,  b*,  and  c*  on  page  343* 
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AGRONOMIC  EVALUATION  TEST 

Conducted  by:  John  Niederer 

Location:  Henry  Miller  farm,  Marlette,  Michigan 

Cooperation :  P&M  Beet  Sugar  Association  -  Michigan  Sugar  Company 

Date  of  Planting:  May  14,  1965 

Date  of  Harvest:  October  20,  1965 

Experimental  Design:  8x8  Latin  Square 

Size  of  Plots:  4  Rows  28"  wide  and  30’  long 

Harvested  Area  per  Plot  for  Root  Yield:  4  Rows  -  30'  long 

Samples  for  Sucrose  Determination:  One  10  beet  sample  was  gathered 

from  competitive  beets  before 
plots  were  harvested 

Stand  Counts:  Stands  averaged  110$  over  the  whole  test 

Recent  Field  History:  1963  -  Beets  Plowed  Down  Rye  -  5004  6-24-12 

1964  -  Corn  _  2504  50#  N. 

Fertilization  of  Beet  Crop:  1965  -  Beets  Plowed  Down  Rye 

300/4  6-24-12  Broadcast 

325#  6-24-12  At  planting  time 

plus  45#  Actual  N.  Sidedressed 

Black  Root  Exposure:  None 

Leaf  Spot  Exposure:  None 

Diseases  and  Pests:  Lygus  infestation  -  sprayed  with  Malathion 

2i6h-L..and  Seasonal  Conditions:  Very  dry  after  planting  through  August 

then  heavy  rain  was  encountered 
until  harvest 

Reliability  of  Test : 


Excellent 
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Cooperator:  F  &  M  Beet  Sugar  Association 


Year :  196^ 


Location:  Henry  Miller  farm,  liarlette.  Michigan 
8x8  Latin  Square 


Exp. 


Variety 

Recov. 
Sugar 
per  A.a 

Lbs . 

SL( 126x128 )msX£P5 822-0 

4529 

SL( 129x133 )msXSP5 822—0 

5199 

SL( 126x129 )msXSP6322-0 

I4839 

SL( 129x133 )msXSP6322-0 

5677 

( SP6l21xEL3l )msXSP6322-0 

5255 

( SP6l21xEL34 )msXSP5 822-0 

4698 

(SP6l21x356l )msXSP6322-0 

4967 

SP5 822-0 

4248 

General  Mean 

6902 

S .  E .  Var •  Mean 

112 

Above  as  %  Gen.  Mean 

2.3 

LSD  5$  Point 

320 

Roots 

per 

Acre 

Sugar 

per 

Ton 

Sucrose 

Beets 

per 

Purity*3'  100' 

Tons 

Lbs . 

V 

i° 

- - 

/» 

No. 

18.1+ 

21+6.8 

13.78 

94.23 

82 

21.5 

21+2.1 

13.82 

93.15 

10 1+ 

20.3 

238.2 

13*66 

92.93 

96 

22.2 

21+7.2 

13.99 

93.53 

100 

20.9 

251.2 

11+.21 

93.58 

101 

19.5 

21+2.2 

13.79 

93.24 

98 

20.8 

238.1 

13.56 

93.24 

102 

18.8 

225.6 

i3.ll 

92.35 

100 

20.3 

21+1.1+ 

13.74 

93.28 

98 

0.34 

1+.22 

0.160 

0.36 

2.J 

1.7 

1.7 

1.2 

0.1+ 

2,i 

1.0 

12.0 

0.1+6 

O.98 

7 

Leaf 
Spot0 " 


Latin  Square  Analysis_ Variance  Table 


Source  of  Variation 

D/p 

Mean  Squares 

»  »  • 

«  •  • 

Recov.  :  : Sugar  : 

Sugar  :Roots:per  T, :Sucrose 

: Beets: 

:  per  :Leaf 
Purity:  100' :Spot 

Between  Rows 

7 

363,357:  1.1+5:91+0.03:1.2529 

6.7233:  115  : 

Between  Columns 

7 

220,7 1+2:  3.56:652.82:1.0968 

2.1670:  115  : 

Between  Varieties 

7 

1 , 325 , 6I+3 :  ll+ .  28 :1+91 .96 : 0 . 8369 

2.3550:  385  : 

Remainder  (Error) 

1+2 

100,9U7:  0.90:11+2.69:0.2136 

0.9651::  65  : 

Total 

63 

Calculated  F.  Value 

1 3 . 1 3 ** :  15 .  87  ■ ■*  3  ol+5';H:‘ :  3  • 9 2#* :  2 . 1+9** :  8 . 5 6** 

Standard  Footnotes  a*,  b#,  and  °*  on  page  3I4.3 • 
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AGRONOMIC  EVALUATION  TEST 


Conducted  by;  C.  E.  Broadwell 

Location :  Canada  &  Dominion  Sugar  Co.  Ltd.,  Dover  Farm 

Cooperation :  Canada  &  Dominion  Sugar  Co.  Ltd. 

Date  of  Planting:  May  3,  1965 


Date  of  Harvest: 

October 

5,  1965 

Experimental  Design: 

8  x 

8  Latin  Square 

Size  of  Plots: 

4  Rows 

-  24"  wide  -  30' 

Harvested  Area  per  Plot  for  Root  Yield:  4  Rows  -  28'  long 

Samples  for  Sucrose  Determination:  One  10  beet  sample  from  each 

plot 

Stand  Counts:  Counted  when  harvested 

Recent  Field  History: 

Fertilization  of  Beet  Crop:  700#  -  5-20-20  at  planting  time 

56#  N  Plowed  down  on  corn  stalks 

Black  Root  Exposure:  Slight 

Leaf  Spot  Exposure:  Medium 

Other  Diseases  and  Pests:  None 

Soil  and  Seasonal  Conditions:  Moist  soil  conditions  at  planting 

and  adequate  moisture  through 
growing  season 

Reliability  of  Test :  Good 
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Cooperator:  C  &  D  Sugar  Co.,  Ltd.,F  &  M  Beet  Sugar  Association  Year  1965 
Location:  C  &  D  Dover  Farm,  Chatham,  Ontario 


8x8  Latin  Square 

Variety 

Recov. 
Sugar 
per  A.ai 

Roots 

per 

Acre 

Sugar 

per 

Ton 

Sucrose 

Purity*5- 

Beets 

per 

100' 

Leaf 

Spot0 

SL ( 1 26x1 28 ) msXSP5  822-0 

4989 

21.0 

238.7 

13.93 

92.18 

44 

4.0 

SL( 129x133 )msXSP5822-0 

6531 

25.3 

257.8 

14.60 

93.54 

94 

3.9 

SL ( 1 26x1 29 ) msXSP63  22-0 

6079 

23.3 

260 .6 

l4.6l 

93.98 

71 

3.9 

SL( 129x13 3 )msXSP6322-0 

68I43 

26.7 

257*0 

1)4.54 

93.58 

96 

3.9 

(SP6121XEL31 )msXSP6322-0 

65145 

25.9 

252.7 

14.36 

9309 

83 

2.o 

( SP6l21xEL3i4  )msXSP5  822-0 

5687 

23  «9 

237.9 

13.75 

92.58 

69 

2.9 

(SP6l21x356l  )msXSP6322-0 

6188 

25.6 

241.5 

13.79 

93.22 

68 

2.6 

SP5 822-0 

U999 

21.7 

230.6 

13.43 

92.29 

51 

2<>0 

General  Mean 

5933 

24.2 

247.1 

14.13 

93.10 

72 

3.25 

S.  E.  Var.  Mean 

241 

0.957  4.74 

0.190 

0.54 

4.6 

.23 

Above  as  'Jo  Gen.  Mean 

4.0 

4*0 

1.91 

1.34 

o.5 

6.4 

7.1 

LSD  $f0  Point 

688 

2/7 

13.5 

0.54 

N.S. 

13 

0.7 

Latin  Square  Analysis 

Variance  Table 

:  :  Mean  Squares 

Source  of  Variation :D/F: 

Recov. 

Sugar 

« 

• 

• 

• 

Roots : 

• 

• 

Sugar  : 
per  T, : 

Sucrose 

:Beets : 

:  per  :Leaf 
Purity:  100’:Spot 

Between  Rows  :  7  :1, 558, 591:18. 08:1045. 82:  2.0925:3.0558:  131  :  .71 

Between  Columns  :  7  : 1,1431, 296 :l4. 62:  385.53:1.0864:1*2703:  34l  :  .43 

Between  Varieties  :  7  :3  >945»9^2:34*11 :1012.64: 1*6850 :3 .5038 :2770  :4»57 

Remainder  (Error)  :i|.2  :  465 » 681:  7  •  33 :  179*73 :  .2908:2.3642:  170  :  .43 

Total  :63  :  ** 

Calculated  F.  Value:  :  8.47**  :4.65»**:  5 *63**: 5. 79**:  N.S,  1 16.29 :10.63** 


Standard  Footnotes  a*,  b#,  and  Cr  on  page  343* 
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AGRONOMIC  EVALUATION  TEST 

Conducted  by;  John  Niederer 
Location:  Pete  Meyer  farm  -  Hamler,  Ohio 

Cooperation:  F&M  Beet  Sugar  Association  -  Buckeye  Sugars,  Inc. 
Date  of  Planting:  May  1,  1965 

bate  of  Harvest :  November  4,  1966 

Experimental  Design:  8x8  Latin  Square 

‘~Lr-_ze.  Plots  :  4  Rows  28"  wide  and  30  ft.  long 

Harvested  Area  per  Plot  for  Root  Yield:  4  Rows  28  ft.  long 

S_amples  for  Sucrose  Determination:  One  10  beet  samole  was  gathered 

from  competitive  beets  before 
plots  were  harvested. 

Stand  Counts:  Stands  averaged  122^  throughout  the  test 

Recent  Field  History:  1962  Clover 

1963  Corn  300#  5-20-20 

1964  Tomatoes  8 00#  5-20-20 

Fertilization  of  Beet  Crop:  275#  6-24-12  Broadcast  plus  80# 

Actual  N  sidedressed 

Black  Root  Exposure:  Slight 

Leaf  Spot  Exposure:  Slight 

Other  Diseases  and  Pests:  None 

gol^nd-Seasonal  Conditions:  Dry  at  planting  but  above  normal. 

rainfall  throughout  remainder  of 
growing  season 

Reliability  of  Test: 


Good 
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Cooperator:  F  &  M  Beet  Sugar  As 3 ociati on-Buckeye  Sugar  Year:  L965 

Location:  Pete  Meyer  Farm,  Hamler,  Ohio _  Exp. 

8X8  Latin  Square  -  5  replications  harvested  and  analyzed 


Recov. 

Roots  Sugar 

Beets 

Sugar 

per  per 

per  Leaf 

Variety 

per  A.8* 

Acre  Ton  Sucrose 

Purity13*  100'  Spot0 

Lbs. 

Tons  Lbs .  J0 

?r- 

No. 

SL( 126x1 28 )msXSP5 822—0 

6811 

23.7  288. i 4  15.74 

95.30 

104 

SL( 129x133 )msXSP5822-0 

6800 

22.9  297.1  16. 01+ 

95.81+ 

112 

SL126xSP5l|60-0 

7055S 

23.8  297.0  15.97 

96.06 

115 

SL(l29xl33 )msXSP6322-0 

7460  1 

25.6  291.5  15.86 

95*1+6 

116 

( SP6l21xEL3l )msXSP6322-0  7359  2_ 

24.5  300.3  16.33 

95.1+7 

119 

(  SP6l21xEL3l|  )msXSP5 822-0  6628 

22.4  295.6  16.15 

95.26 

106 

( SP6l  21x3  561  )msXSP6322-0  6642 

23.1  288.4  15.63 

95.66 

116 

SP5822-0 

6777 

23.4  289.4  15.82 

95.22 

112 

General  Mean 

69U 

23.7  293.5  15-96+ 

95.53 

113 

S.  E.  Var.  Mean 

3^7 

1.20  4.04  0.194 

0.225 

4.4 

Above  as  %  Gen.  Mean 

5.0 

5.1  IJ4  1.2 

0.2 

3.9 

LSD  5 jo  Point 

N.S. 

N.S.  N.S.  N.S. 

N.S. 

N.S. 

Randomized  Complete 

Block  Analysis  Variance  Table 

Mean  Squares 

Source  of  Variation 

D/F 

*  • 

: Beets : 

Recov. 

: Sugar  : 

:  per  :Leaf 

Sugar 

Roots: per  T.: Sucrose 

Purity: 100'  :Spot 

Replications 

4 

3  lit,  81* 

7.23:145.70:0.1632 

1.0708:  269  : 

Varieties 

7 

505,673 

5.02:106.11:0.2600 

0.4468 

:  136  : 

Re pi.  X  Var. 

28 

602,621 

7. 20:  81.60:0.1872 

0.2521 

:  98  : 

Total 

39 

•  • 

•  • 

•  • 

Calculated  F.  Value 

N.S. 

N.S. :  N.S.  :  N.S. 

N.S. 

:N.S.  : 

Standard  Footnotes  a#,  b#,  and  °*  on  page  343* 


AGRONOMIC  EVALUATION  TEST 


« 

Conducted  by:  A.  McClearin 

Location:  Western  Ontario  Agricultural  School,  Ridgetown,  Ont. 

Cooperation :  Canada  &  Dominion  Sugar  Co.  Ltd.' 

Date  of  Planting:  April  30,  1965 
Date  of  Harvest :  October  11,  1965 

Experimental  Design: 

Size  of  Plots:  3  Rows  -  24"  wide  -  20'  long 

Harvested  Area  per  Plot  for  Root  Yield:  1  Row  -  16 '  long 

Samples  for  Sucrose  Determination:  One  10  beet  sample  from  each 

plot 

Stand  Counts:  Counted  when  harvested 

Recent  Field  History:  1963  -  Oats  3-11-11  @  1100#  per  acre 

1964  -  Corn  14-7-7  @  1400#  per  acre,  - 

Muriate  of  potash  @  650#  per  acre 

Fertilization  of  Beet  Crop:  1000#  14-7-7  Broadcast  per  acre 

Black  Root  Exposure :  None 


[ 

[ 

[ 

l 

[ 

i 

[ 

[ 

r 


Leaf  Spot  Exposure:  Slight  l 

Other  Diseases  and  Pests:  None  j 

Soil  and  Seasonal  Conditions:  Moist  Seed  Bed  with  dry  and  cool  grow¬ 
ing  season 


Reliability  of  Test: 


Good 


342 


F  &  M  SUGAR  BEET  VARIETY  TRIAL  -  1965 
W.O.A.S.  RIDGETCWN 


Variety 

Tons/Ao re 
Roots 

$ 

Sugar 

Clear 

Juioe 

Purity 

Tons /Aore 
Sugar 

Tons/Acre 

Extractable 

Sugar 

SL ( 126x128 )MS  x  SP5822-0 

20.13 

1U.1 

92.39 

2.85 

2.1+0 

SL( 129x133 )MS  x  SP5822-0 

22.17 

lU.3 

92.76 

3.15 

2.68 

(126x129)  x  6322-0 

21.68 

1U.0 

92.85 

3.0U 

2.59 

(129x133)  x  6322-0 

22.17 

1U.6 

92.29 

3.22 

2.69 

6l21xEL6lGl  x  6322-0 

23.92 

1U.2 

91.93 

3.U0 

2.83 

6121  x  EL61GU  x  5822-0 

21.10 

1J4.3 

91.75 

3.03 

2.52 

6121  x  3561  x  6322-0 

21.10 

13.7 

92.15 

2.89 

2J+1 

SP5 822-0 

2i+.ll 

lU*6 

92.32 

3.52 

2.96 

L.S,D.  ©  Si 

N.S. 

N.S. 

C.V. 

ik.rf 

lU.U/0 

Planting  date:  April  3O,  19^5 

Plot  size:  3  rows  x  20'  (1  row  x  l6'  harvested) 

Row  width:  2l 1* 

Fertilizer:  lU-7-7  ®  1000  lbs./acre 

Previous  crop:  I96U  —  Oats  —  3“’11*“11  ®  1100  lbs  ./acre 
and  fertilizer:  1963  -  Corn  -  lU-7-7  ®  1^00  lbs./aore 

-  Muriate  of  Potash®  o$0  lbs  ./acre 


Harvest  date:  October  11,  19^5 


Standard  Footnotes  for  all  Experiments  with  F.  &  M.  as  a  Cooperator 


a)  Calculated  according  to  Great  Western  formula  rearranged 

as  follows:  RC  =  TA  X  2000  X  %S  -  FL  X  PK 

RC  is  the  calculated  recoverable  sugar. 

TA  is  the  yield  of  roots  in  tons  per  acre. 

S  is  sucrose. 

FL  is  factory  loss  (we  used  0.30%) 

PK  is  1  -  (MP  X  100  -  CJP  /  100  -  MP  X  GJP) .  This  factor 
is  constant  for  any  given  CJP  (clear  juice  purity) 
if  the  MP  (molasses  purity)  is  held  constant.  We 
used  62.5%  MP  for  all  calculations. 

b)  Clear  Juice  Apparent  Purity  determinations  were  made  following 
procedures  worked  out  by  M.  G.  Frakes  of  Michigan  Sugar  Co. 
These  values  approximate  the  thin  juice  purities  obtained  in 
the  factory. 

c)  Rating  scale i  0  =  no  evidence  of  disease;  10  =  complete 
necrosis  due  to  leaf  spot. 
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Stotiop  2.  Miscellaneous  Hybrids  and  Open-Pollinated  Material 

Candidate  a  were  divided  into  two  groups.  Experiment  1+0-1  contained  hybrids 
made  at  Fort  Collins  and  East  Lansing.  Experiment  1+0-2  was  composed  of 
hybrids  obtained  through  the  F  &  M  and  open-pollinated  material  from 
Beltsville.  Experiment  1+0-1  was  planted  with  six  replications  each.while 
there  was  seed  enough  for  only  two  replications  each  of  experiment  40-2. 
With  seed  for  just  two  locations,  the  tests  were  placed  in  Ohio  and 
Ontario  to  increase  the  ohanoes  of  a  good  evaluation  for  leaf  spot. 

Both  tests  were  planted  in  the  same  field  on  the  Willard  Jones  farm 
near  Ottawa,  Ohio.  They  were  also  planted  in  the  same  field  on  the 
Canada  and  Dominion  Sugar  Company's  Dover  farm  near  Chatham,  Ontario. 

Stands  were  less  than  perfect  in  both  locations.  Leaf  spot  ratings 
were  made  in  both  tests.  Only  selected  plots  were  harvested,  ^he  data 
is  reported  as  average  performance  with  anywhere  from  two  to  six  plots 
making  the  average  in  the  1+0-1  test.  Only  the  leaf  spot  data  is  given  a 
detailed  study. 


Leaf  Spot 

The  varieties  in  the  1+0-1  test  were  evaluated  for  leaf  spot  resistance 
at  Beltsville,  Maryland;  East  Lansing,  Michigan;  Ottawa,  Ohio;  and 
Chatham,  Ontario.  Hybrids  within  the  test  were  examined  in  three  dif¬ 
ferent  male  by  female  by  looation  analyses.  In  all  cases  there  was  a 
significant  male  by  location  interaction  as  well  as  a  significant  female 
by  location  interaction.  The  male  by  female  interaction  across  all  lo¬ 
cations  was  not  significant. 

Leaf  spot  ratings  were  reoeived  from  Fort  Collins,  Colorado, for  17  of  the 
above  1+0  varieties.  Correlations  in  all  possible  combinations  were  made 
between  stations  for  the  average  ratings  given  at  eaoh  of  the  five  loca¬ 
tions.  All  combinations  with  the  Fort  Collins  data  were  on  the  basis  of 
17  varieties, whereas  all  other  combinations  were  on  the  basis  of  1+0 
varieties.  The  correlations  were  as  follows: 


Beltsville  .  East  Lansing  Ottawa  Chatham 


Fort  Collins 

.7*5 

.78 

.78 

.78 

Beltsville 

.28 

.71 

.58 

East  Lansing 

.51  . . . 

.56  

Ottawa 

.76 

There  was  no  universally  beat  hybrid  in  leaf  spot  resistance  at  p.11  loca' 
tions.  The  interactions  and  correlations  indicate  trials  must  be  made 
in  the  area  of  intended  production  to  determine  the  highest  resistance 
for  that  area.  These  data  do  not  indicate  whether  strains  of  the 
pathogen  or  environmental  effects  on  the  host -pathogen  relationship 
are  involved. 
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AGRONOMIC  EVALUATION  TEST 


Conducted  by:  John  Niederer 

Location :  Willard  Jones  farm,  Ottawa,  Ohio 

Cooperation :  F&M  Beet  Sugar  Association  -  Buckeye  Sugars,  Inc. 

Date  of  Planting:  May  3,  1965 

Date  of  Harvest:  November  2,  1965 

Experimental  Design:  Randomized  Block 

Size  of  Plots;  1  Row  100  ft.  long 

Harvested  Area  per  Plot  for  Root  Yield:  1  Row  98  ft.  long 

-SJT!Ples  for  Sucrose  Determination:  10  beet  sample  from  competitive 

beets  before  harvest 

Stand  Counts; 

Recent  Field  History:  1962  Corn  -  300#  5-20-20 

1963  Sugar  Beets  -  450#  8-32-16 

1964  Soy  Beans 

Fertilization  of  Beet  Crop; 

Black  Root  Exposure: 

Leaf  Spot  Exposure: 

Other  Diseases  and  Pests: 

Soil  and  Seasonal  Conditions:  Dry  soil  conditions  at  planting  and 

continued  until  mid-growing  season 


450#  8-32-16  plus  Mn  plowed  down 
80#  N  sidedressed 

Slight 

Slight 

None 


Reliability  of  Test: 


Fair 
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1965  Average  Leaf  Spot  Ratings  on  Varieties  in  I4.O-I  Test  by  Location  and 

Dates 


Varieties 


Port 


Collins 

9/1 


Belts. 

■w 


East 

Lansing  Ohio  Canada 

9/2U  lo/ll  9715” 


PC (502/2x503) 

XSP5 822-0 

0 

XSP59BI8-O 

0 

XSP6 21160-00 

0 

X02  clone 

0 

XSF61151-0 

FC502/2xSP58ll9l+alxsp5822-0 

0 

XSP59BI8-O 

H 

XSP6 21 l60-00 

FC(  50^2x504) 

XSP5822-0 

XSP59BI8-O 

0 

XSP621160-00 

SP58H94sl3cFG504 

XSP5 822-0 

0 

XSP59BI8-O 

0 

XSP62II6O-OO 

SP602009sloma 

XSP5822-0 

0 

XSP59BI8-O 

FC504 

XSP5 822-0 

0 

XSP59BI8— 0 

FC502 

X02  clone 

0 

XSP61151-0 

SLI33XFC5OI 

X02  clone 

0 

XSP61151-0 

0 

XSP6 23 25 9— O^n 

SL(126x128) 

X02  clone 

0 

XSP61151-0 

SL(126x129) 

X02  clone 

n 

XSP61151-0 

(SP6l21x356l)356l  X02  clone 

n 

XSP61151-0 

SP581194slcms 

XSP59BI8-O 

0 

X02  clone 

FC503 

XSP59BI8-O 

0 

X02  clone 

SP6l21xEL3l 

X02  clone 

0 

X3P623259-OU, 

(SL133x2l6l)xl86l  X02  clone 

sib  population  of 

02  done 

0  0R 

SP61151-0 

wen 

SP623259-04n 

SL(l29xl33) 

XSP5822-0 

General  Mean 


3.3 

2.8 

1.8 

1.7 

3.8 

3.0 

1.8 

2.2 

3.0 

3.2 

1.6 

1.7 

2.3 

4.3 

3.2 

2.0 

2.2 

3.7 

3.2 

2.1 

1.8 

3.0 

2.5 

1.5 

2.0 

3.7 

2.5 

1.9 

2.5 

3.0 

2.2 

1.8 

2.0 

2.3 

2.8 

1.7 

1.0 

30 

2.8 

1.9 

1.7 

2.3 

3.0 

1.7 

1.5 

2.3 

2.7 

2.0 

2.0 

3.7 

2.2 

2.3 

2.0 

2.7 

2.8 

2.1 

2.0 

3.3 

2.7 

2.3 

2.3 

4.7 

2.3 

2.5 

2.2 

3.0 

30 

1.8 

1.5 

3.° 

3.3 

2.1 

2.0 

2.3 

4.0 

2.2 

1.9 

2.3 

1.4 

3.3 

1.8 

1.8 

2.2 

2.2 

4.3 

2.5 

2.3 

2,8 

1.4 

3.3 

2.5 

2.2 

2.3 

3.7 

2.8 

2.2 

3.0 

4.3 

5.0 

3.8 

3.1 

3*3 

3.8 

4.7 

3.7 

3.3 

3.3 

4.7 

5.7 

4.2 

3.1 

3.3 

3.7 

4.3 

3.7 

2.3 

2.8 

3.0 

4.3 

3.3 

2.3 

2.8 

1.3 

3.0 

2.8 

1.8 

2.0 

3.3 

2.2 

2.3 

2.2 

2.4 

4.0 

2.0 

2.0 

1.7 

4.7 

3.0 

2.1 

1.8 

2.6 

5.0 

2.7 

2.1 

2.3 

2.4 

3*7 

3-2 

2.5 

2.7 

3*5 

3.3 

4.2 

2.0 

2.8 

5.0 

3.5 

3.0 

3.0 

3*3 

5.0 

2.5 

2.8 

2.2 

1.8 

4.0 

2.7 

2.1 

1.8 

3*3 

3.3 

2.1 

3.0 

4.0 

4.5 

3.2 

3*7 

3.0 

3.7 

2.9 

2.3 

2.3 
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Consolidated  results  of  1965  1*0-1  test  in  Ohio  and  Canada.  Data,  except 
Leaf  Spot,  is  presented  in  percent  of  General  Mean. 


Varieties 

Percent 

of  General  Mean 

Leaf. 

Spot0* 

Sucrose 

Purity 

Ohio 

Canada 

Ohio 

Canada 

Ohio 

Canada 

FC(  502/2x503} 

XSP5822-0 

1.8 

1.7 

w 

XSP59BI8-Q 

1.8 

2.2 

N 

XSP621160-0 

1.6 

1.7 

» 

X02  done 

2.0 

2.2 

104.9 

100.4 

w 

XSP61151-0 

2.1 

1.8 

97.9 

102.8 

98.9 

100.2 

FC502/2xSP58ll9l*alXSP5822-0 

1.5 

2.0 

107.5 

101.2 

it 

XSP59BI8-O 

1.9 

2.5 

95.9 

100.0 

n 

XSP621160-00 

1.8 

2.0 

107.5 

99  .u 

FC502/2XFC5Q4 

XSP5822-0 

1.7 

1.0 

95.9 

98.8 

» 

XSP59BI8-O 

1.9 

1.7 

100.0 

100.0 

tt 

XSP62II6O-OO 

1.7 

1.5 

102.1 

100.2 

SP58ll94alxFC50i* 

XSP5 822-0 

2.0 

2.0 

100.0 

102.1 

99.7 

100.2 

It 

XSP59BI8-O 

2.3 

2.0 

101 .1+ 

98.6 

99.8 

98.4 

« 

XSP621160-00 

2.1 

2.0 

99*3 

99.7 

SP602009sloms 

XSP5 822-0 

2.3 

2.3 

n 

XSP59BI8-O 

2.5 

2.2 

FC5Q4 

XSP5822-0 

1.8 

1.5 

93.2 

99.0 

» 

SP59BI8-O 

2.1 

2.0 

95.2 

98.7 

FC502 

X02  clone 

1.9 

2.3 

id*. 8 

IO6.3 

101.0 

102.0 

» 

XSPSH51-0 

1.8 

2.2 

102.7 

103.5 

101.0 

100.7 

SL133XFC501 

X02  clone 

2.3 

2.8 

98.6 

95-8 

100.4 

98.5 

it 

XSP61151-0 

2.2 

2.3 

100.7 

97.2 

100.6 

98.7 

it 

XSP6232S9-%i 

2.2 

3.0 

SL( 126x128) 

X02  done 

3.1 

30 

it 

XSP61151-0 

3*3 

30 

SL(  126x129) 

X02  clone 

3*1 

30 

it 

XSP61151-0 

2.3 

2.3 

95.9 

100.7 

100  J* 

101.4 

( SP6l21x356l  )356l  X02  done 

2.3 

2.8 

100.7 

98.6 

100.5 

101.0 

r 

XSP61151-0 

1.8 

2.0 

99.3 

9U.lt 

101.0 

100.1 

SP58ll9l*slcm8 

XSP59BI8-O 

2.3 

2.2 

it 

X02  clone 

2.0 

1.7 

99.3 

102.8 

99.6 

100.9 

FC503 

XSP59BI8-O 

2.1 

1.8 

n 

X02  clone 

2.1 

2.3 

105.5 

IO6.9 

99  j* 

98.6 

SP6l21xEL3l 

X02  done 

2.5 

2.7 

93.8 

95.1 

99.1 

98.9 

it 

XSB623259-01U, 

2.0 

2.8 

95.9 

95.8 

99.1 

100.4 

(SL133x2161)xX861  X02  clone 

3.0 

3.0 

sib  population  of 

02  done 

2.8 

2.2 

95.2 

93*1 

99.2 

98.9 

it  it  it 

SP61151-0 

2.1 

1.8 

100.7 

95.8 

101.1 

99.1 

tt  St  M 

SP623259-014n 

2.1 

3.0 

SL(129x133) 

XSP5822-0 

3.2 

3.7 

103  J* 

100.0 

100.2 

99.5 

General  Mean  (Actual ) 

2.2 

2.3 

11+.6 

14.4 

93.0 

91.8 

Standard  Footnotes  b.^  and  °*  on  page  343. 
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Consolidated  results  of  1965  40-1  test  in  Ohio  and  Canada.  All  data  in 


percent  of  General  He an. 


Varieties 


FC ( 502/2x503 )  XSP5822-O 

«  XSP59BI8-O 

»  XSP62H6O-OO 

B  X02  clone 

"  XSP61 151-0 

FC  502/  2xSP5  8ll9Usl  XSP5  822-0 
«  XSP59BI8-O 

■  XSP621160-00 

FC ( 502/2x504 )  XSP5822-0 

»  XSP59BI8-O 

»  XSF6 21 160-00 

sP58ii94sixFC5o4  XSP5 822-0 
»  XSP59B18-0 

»  XSF621160-00 

XSP5 822-0 
XSP59BI8-O 
XSP5822-0 
XSP59BI8-O 
X02  clone 
XSP61151-0 
X02  clone 
XSP61151-0 

XSP623259^4n 

X02  clone 
XSP61151-0 
X02  done 
XSP61151-0 
(SP6l21x356l)356l  X02  clone 
*  XSP61151-0 

SP58ll94slcms  XSP59BI&-O 

*  X02  clone 

FC503  XSP59BI8-O 

*  X02  clone 

SP6l21xEL3l  X02  clone 

•  XSB623259-0im 
( SL133x2l6l )xl86l  X02  clone 
sib  population  of  X02  clone 

"  «  «  SP61151-0 

«  «  »  SP623259-0l4n 

SL( 129x133 )  XSP5822-0 

General  Mean  (Actual) 


SP602009«lcms 

N 

FC5Q4 

a 

FC502 

a 

SL133xFC501 

a 

a 

SL(126x128) 

a 

SL( 126x129) 

a 


Percent  of  General  Mean 


Recov. 

Sugar 
per  A.a* 

Ohio  Canada 


930 

97.3  104.0 

112.9 

88.2 

81.0 

79*5 

88.5 

81.7 

88.3  106,9 

91d  95*0 

92.7 


84.9 

93.9 

94.7  104.0 

114.8  94.2 

109.0  89.0 

108. 7  95.7 


Roots 

per 

Acre 

Ohio  Canada 


87.9 

101.2  101.1 
102.8 

91.3 
7^.7 
84.2 
88.5 

79.4 

88.1  IO3.6 

89.7  100.7 

93.7 


92.5 

101.2 

87.7  94.0 

109.5  88.3 

109.9  96.4 

105.9  101.8 


Sugar 

per 

_ Toe _ 

Ohio  Canada 


106.1 
96.5  103.3 
110.2 

96.5 
106.7 

94.1 

100.0 

103.1 

99.6  102.9 

101.2  95.5 

98.8 


91.7 

92.9 

107.5  110*7 

105.1  IO5.3 
99.6  92.2 

102.8  94*3 


107.1 

97*5 

110.3 

123.3" 

108. 3 

120.9 

113.4 

101.6 

111.9 

95.4 

98*9 

96.8 

98.4 

112.2 

94.5 

106.2 

98.5 

115*0 

103.2 

104*4 

110.3 

78.7 

94*9 

83.8 

96.3 

85.2 

93.7 

116.2 

108.1 

111.5 

6433 

6851 

250 

94.0 

96.9 

104.1 

107.1 

102.0 

101.2 

106.8 

101.2 

95.1 

94.7 

99.2 

104.9 

IO7.8 

104.3 

103.7 

105.7 

92.5 

93*4 

108.2 

94.5 

97.1 

104.3 

94.1 

91*4 

91.1 

102.8 

93.9 

109.6 

104.7 

98.8 

28.1 

254 

244 

Standard  Footnote  a*  on  page  -  343. 
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Consolidated  Results  of  1965  1*0-2  Test  in  Ohio  and  Ontario 


(Part  One) 

Entry 

Beets/100 » 

Leaf  Soot  °* 

Varieties 

No,  ( 

3hio 

Ontario 

Ohio 

Ontario 

10/ii 

"9/15 

CT5 

XSP546O-O 

101 

80 

3-3 

4.0 

it 

XSP5822-O 

105 

123 

30 

4.0 

( SL1 29x2l6l  )ms 

XUSl+01  bn 

IO3 

76 

84 

86 

3.0 

3.0 

9 

XSP5822-0 

lot* 

2,8 

3.0 

9 

XSP6322-O 

102 

108 

3.5 

4.0 

569H3BIS 

XSP6322-0 

115 

130 

2.8 

3.0 

61+8H2ni3 

XSP546O-O 

118 

59 

122 

2.8 

3.0 

9 

XSP5822-0 

H9 

63 
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67 

73 
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93 
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3.0 
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2.0 
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22 
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73 

75 
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Standard  footnote  c.  on  page  343. 
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Consolidated  Results  of  1965  i+O— 2  Test  in  Ohio  and  Ontario 

(Part  Two) 

Reo.  Sugar  Roots  Quality  Entry  Sucrose  C.  J.  Purity 

#  per  Acre  Tons  per  Acre  #  Sugar/Ton  No. _ Peroent _ Percent 

Ohio  Ont.  Ohio  Qnt.  Ohio  Ont.  Ohio  Onto  Ohio  Qnt. 


5822 

27.1 

424 9 

19.9 

5361 

250 

7168 

5368 

26.7 

24.3 

269 

4759 

20.6 

5857 

25.9 

(>19k 

6263 

250 

28.4 

253 

5575 

24.9 

22.9 

243 

6063 

7055 

31.5 

6255 

5186 

25.O 

230 

250 

4466 

19.5 

261 

7069 

4079 

27.1 

19.1 

2315 

10.5 

6916 

5370 

30.2 

23.4 

229 

4024 

17.8 

7W9 

5389 

29.I 

24.4 

257 

5686 

26.0 

6682 

28.3 

7518 

2423 

5527 

30.0 

22 

251 

7954 

6633 

29.4 

29.0 

270 

6159 

27.3 

6825 

29.4 

242 

260 

6197 

7242 

5551 

5311 

25.5 

27.8 

24.7 

24.3 

4101 

18.0 

6630 

3407 

26.2 

14.2 

252 

4824 

22.1 

760 

3*2 

5438 

23.7 

4.862 

22.3 

4528 

7527 

SB£ 

31*3 

24.0 

19.3 

240 

6585 

3306 

4245 

28.1 

16.0 

19.1 

235 

4437 

21.4 

4808 

22.9 

3655 

18.8 

259 

6687 

3826 

25.9 

17.4 

6913 

5413 

27.5 

24.3 
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101 

12.6 

% 

92.3 

216 

105 

12.7 

91.9 

213 

IO3 

12.3 

92.6 

22a 

104 

15.3 

13.2 

93.4 

91.4 
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12.9 

94.3 
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115 

13.2 

92.5 

215 

118 

14.7 

13 .6 

92.3 

89.O 
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U? 

13.8 

93.8 

224 

114 

14.3 

13.1 
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92.3 

223 
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13.1 

92.2 

91.9 
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13.5 
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214 
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14.8 

12.8 

93.6 

91*4 

226 

132 

13  J4 

91.7 

220 

113 

13.7 

13.7 

91.0 

91.2 
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109 

14.9 
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93.8 
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124 

13.1 

92.6 

91.5 
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91.2 
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92.7 
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13.0 
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13.2 

92.0 
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91.3 
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15.1 
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92.6 
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12.5 
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13.1 
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92.0 
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AGRONOMIC  EVALUATION  TEST  OF  LSR-BRR,  EXPERIMENTAL  HYBRIDS 

FT.  COLLINS,  COLO.,  1965 

Experiment  No.  4A 

Conducted  by:  J.  A.  Elder  and  J.  0.  Gaskill;  East  Lansing  seed  fur¬ 
nished  by  G.  J.  Hogaboam. 

Location:  hospital  Farm,  Ft.  Collins,  Colo.,  field  no.  2. 

Cooperation :  Colorado  Agricultural  Experiment  Station  and  the  Beet 
Sugar  Development  Foundation. 

Dates  of  Planting  and  Harvest:  April  29-30;  October  4-11. 

Experimental  Design:  Randomized  Block  design  with  6  replications; 
plots  1  row  x  20';  rows  20”  apart;  hand  thinned  to  single-plant  hills. 

Determination  of  Root  Yield:  All  roots  in  17'  of  row  were  hand  topped, 
washed  and  weighed. 

Determination  of  Sucrose  Percentage:  All  roots  harvested  for  root -yield 
determination  in  each  plot  were  analyzed  for  sucrose  percentage.  Dupli¬ 
cate  sucrose  determinations  were  made  for  the  composited  pulp  from  each 
sample. 

Stand  and  Bolter  Counts:  For  stand,  all  hills  were  counted  on  September 
30  m  the  area  to  be  harvested  in  each  plot.  Bolter  percentages  were 
determined  by  counts  (entire  plots)  in  mid-season,  and  seed  stalks  were 
cut  off  at  that  time. 

Recent  Cropping  History:  1961,  sugarbeet;  1962-64,  barley. 

Chemicals  Applied  for  1965  Crop:  Treble  super-phosphate  (approximately 
130  lbs.  P2O5  per  acre)  and  ammonium  nitrate  (approximately  80  lbs.  N 
per  acre)  were  applied  before  plowing  in  August,  1964.  Shell  DD  (about 
41  gal.  per  acre)  was  applied  after  plowing  in  August,  1964,  for  control 
of  the  sugarbeet  nematode. 

Leaf  Spot  Exposure:  Severe . 

Curly  Top  Exposure:  Negligible. 

Other  Diseases  and  Pests:  Western  yellows  and  sugarbeet  nematode,  mild 
effects;  other  diseases  and  pests,  negligible. 

Soil  and  Seasonal  Conditions:  The  first  half  of  the  1965  crop  season 
was  cooler  and  wetter  than  usual.  Precipitation  was  quite  heavy  during 
June.  Adequate  soil  moisture  was  provided  artificially  as  needed,  prin¬ 
cipally  by  furrow  irrigation.  Inoculation  (July  12)  and  subsequent  fre¬ 
quent  sprinkling  were  used  to  promote  the  development  of  leaf  spot 
(Cercospora  beticola) . 


Reliability  of  Test:  Good. 


AGRONOMIC  EVALUATION  TEST  OF  LSR-BRR,  EXPERIMENTAL  HYBRIDS,  FT.  COLLINS,  COLO.,  1965 

Experiment  No.  4A 

_ (Results  presented  as  6-plot  anriijM ) 
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AGRONOMIC  EVALUATION  TEST,  19&5 

Miscellaneous  Variety  Test 

Conducted  by:  Phil  Brimhall,  R.  Zielke,*H.  L.  Bush,  R.  K.  Oldemeyer  and 
D.  L.  Sunderland 

Location:  Glen  Haas  Farm, Fremont,  Ohio 

Cooperation:  Northern  Ohio  Sugar  Company 

Date  of  Planting:  May  11,  1965 

Date  of  Harvest:  October  l4,  1965 

Experimental  Design:  Randomized  Complete  Block 

Size  of  Plots:  1  row  x  22  feet  x  8  replicates 

(30-inch  rows) 

Harvest  Area  per  Plot  for  Root  Yield:  1  row  x  18  feet 
Samples  for  Sucrose  Determination:  1  sample  per  plot 

Stand  Counts  and  Bolter  Counts:  Beets  counted  in  laboratory  for  stand.  No 

bolters  developed. 

Recent  Field  History:  Sugar  beets  (1964)  spring  plowed 

Fertilization  of  Beet  Crop:  500  pounds  5-20-20 

plow  down,  150  pounds  6-24-12 

starter  fertilizer  in  row,  55  pounds  anhydrous 

ammonia  sidedressed 

Leaf  Spot  Exposure:  Mild,  September  development 

Black  Root  Exposure:  Severe,  some  loss  of  stand 

Curly  Top  Exposure:  None  noted 

Other  Diseases:  None  noted 

Soil  and  Seasonal  Conditions:  Beet  emergence  good,  but  seedlings  badly  infested 

with  black  root  organisms.  Moisture  conditions 
good  throughout  growing  season.  Soil  was  a  clay 
loam. 

*  Zielke  now  employed  by  USDA,  East  Lansing,  Michigan. 
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Cooperator :  Northern  Ohio  Sugar  Company  by  Phil  Brimhall,  R.  Zielke,  H.  L.  Bush, 
R.  K.  Oldemeyer,  D.  L.  Sunderland 

Miscellaneous  Variety  Test 

Location:  Glen  Haas  Farm,  Fremont,  Ohio  Year:  1965 

(Results  given  as  8  plot  averages) 


SP64548-01 
64B1  x  05 
64b1  x  04 
SP64180-0 
SF64182-0 
SP5822-0 
SF64194-.0 
SP64l8l-0 


(  F 

General  Mean 
S.E.  Variety  Mean 
Sra/Gen.  Mean  ($) 
LSD  %  pt. 


Acre  Yield 
Sugar 
Recover-(a 

able  Gross 

Roots 

Sucrose 

Thin 

Juice 

App. 

Purity 

Leaf  ^ 
Spot 

(e 

Black' 

Root 

(f 

Beets' 

per 

100  ft. 

(lbs. ) 

(lbs. ) 

(tons ) 

~~w~ 

~m~ 

10/5/65  6^5/65 

(No.) 

4319  1 

4986 

16.84 

14.75 

93.55 

1.2 

3.1 

102 

3946 

4331 

13.79 

15.65 

95.98 

0.8 

4.2 

82 

3893 

4398 

14.28 

15.44 

94.54 

0.8 

4.0 

83 

3768 

4325 

l4.8l 

14.59 

93.85 

0.8 

3.1 

106 

3700 

4251 

14.76 

14.36 

93.81 

1.3 

2.6 

91 

3647 

4147 

14.10 

14.73 

94.29 

1.1 

2.0 

96 

3480 

4042 

13.94 

14.46 

93.30 

1.1 

2.6 

93 

3265 

3785 

12.87 

14.68 

93.38 

1.0 

2.6 

94 

3726 

4251 

l4.4o 

14.76 

94.10 

- 

- 

233.24 

.7458 

.2669 

.5786 

- 

- 

- 

577(b 

5.49 

5.18 

1.81 

0.61 

- 

- 

- 

658 

2.10 

0.75 

1.63 

- 

- 

- 

Variance  Table 


(c 


Mean  Squares 


Source  of  Variance 

DF 

RootsC*1 

(lbs. ) 

Sucrose 

~wr 

Purity 

izr 

Replicates 

Varieties 

Error 

Total 

7 

10 

70 

87 

94.7185 

48.9960 

19.0170 

28.5537 

2.6771 

1.4960 

.5724 

.8479 

1.5514 

5.1300 

2.6777 

2.8920 

Calculated  F  Value 

2.58*  , 

2.61** 

1.92* 

(a,  (b,  (c 

(d 

(e 

(f 

(g 

(h 


0C=  no  evidence  of  disease,  10  =  cmplete  necrosis  due  to  leaf  spot 
0  =  excellent  resistance,  10  =  no  resistance 
Harvest  stand 

General  mean  for  11  varieties  in  test 
Pounds  per  plot 
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AGRONOMIC  EVALUATION  TEST,  196  5 

Miscellaneous  Variety  Test 

Conducted  by:  Phil  Brimhall,  R.  Zielke*,  H.  L.  Bush,  R.  K.  Oldcmeyer  and 
D.  L.  Sunderland 

Location:  George  Riehm  Farm, Old  Fort,  Ohio 

Cooperation:  Northern  Ohio  Sugar  Company 

Date  of  Planting:  April  22,  1965 

Date  of  Harvest:  October  12,  1965 

Experimental  Design:  Randomized  Complete  Block 

Size  of  Plots:  1  row  x  22  feet  x  8  replicates 

(28-inch  rows) 

Harvest  Area  per  Plot  for  Root  Yield:  1  row  x  18  feet 
Samples  for  Sucrose  Determination:  1  sample  per  plot 

Stand  Counts  and  Bolter  Counts:  Beets  counted  in  laboratory  for  harvest  stand. 

No  bolters  developed. 

Recent  Field  History:  Sugar  beets  (1964)  spring  plowed 

Fertilization  of  Beet  Crop:  500  pounds  ammonium  sulfate 

150  pounds  6-24-12  starter  fertilizer  in  row 

Leaf  Spot  Exposure:  Very  severe,  late  August  development 

Black  Root  Exposure:  Mild,  few  seedlings  affected 

Curly  Top  Exposure:  None  noted 

Other  Diseases:  Rhizoctonia  crown  rot,  causing  some  loss  of  stand 

Soil  and  Seasonal  Conditions:  Moisture  good  for  germination  and  seedling 

development.  Dry  period  from  July  15-August  15 . 
Adequate  moisture  from  August  15  to  harvest. 

Soil  was  a  sandy  loam. 


*  Zielke  now  employed  by  USDA,  East  Lansing,  Michigan. 
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Cooperator:  Northern  Ohio  Sugar  Company  by  Phil  Brimhall,  R.  zielke. 
R.  K.  Oldemeyer,  D.  L.  Sunderland 

Miscellaneous  Variety  Test 
Location:  George  Riehm  Farm,  Old  Fort,  Ohio 


H.  L. 


Year: 


Bush, 

1965 


(Results  given  as  8  plot  averages) 


Acre  Yield 

_ Sugar 

Recover- Va 
able  Gross 

Roots 

Sucrose 

Thin 

Juice 

App. 

Purity 

Leaf 

Spot 

Beets 

per 

100  ft 

(lbs. ) 

(lbs.) 

(tons) 

~W) 

57^765 

(No.) 

64bi  x  010 

5707 

6454 

24.45 

13.18 

94.65 

2.5 

125 

64B2  x  010 

5501 

6275 

23.42 

13.41 

94.20 

1.5 

133 

64B1  x  Oil 

5374 

6231 

23.43 

13.25 

93.44 

3.0 

128 

64bi  x  05 

4969 

5613 

20.05 

14.03 

94.65 

2.4 

125 

SP5822-0 

4774 

5469 

20.41 

13.44 

94.00 

2.5 

133 

SP64548-01 

4576 

5137 

19.46 

13.23 

95.01 

2.8 

125 

64bi  x  04 

4487 

5141 

19.18 

13.40 

93.99 

2.3 

127 

SP64i8o-0 

4137 

4824 

18.99 

12.70 

93.23 

2.5 

131 

SP64182-0 

3608 

4189 

16.62 

12.58 

93.43 

2.8 

114 

SP64194-0 

3486 

4ll4 

16.72 

12.29 

92.69 

2.6 

124 

SP64l8l-0 

3319 

3916 

15.66 

12.49 

92.70 

3.0 

124 

(g 

General  Mean' 

4462 

5144 

19.71 

13.05 

93.73 

_ 

S.E.  Variety  Mean  (Sm) 

- 

316.97 

2.2295 

.2466 

.4378 

- 

- 

Sin/Gen.  Mean  (%) 

772 (b 

6.16 

5.87 

1.89 

0.47 

- 

- 

LSD  5 %  pt. 

890 

3.25 

O.69 

1.23 

- 

- 

Variance  Table 


(c 


Source  of  Variance 


Replicates 

Varieties 

Error 

Total 


(a, 

(d 

(f 

(g 

(h 


(b,  (c  See  page  357 


DF 

Roots (h 

(lbs.) 

Sucrose 

Purity 

~W) 

7 

21.6543 

5.9257 

2.1514 

13 

221.5069 

2.1108 

6.1238 

91 

39.7626 

.4864 

1.5337 

111 

59.9060 

1.0196 

2.1103 

ease, 

10  =  complete  necrosis  due 

to  leaf  spot. 

Harvest  stand 

General  mean  for  l4  varieties  in  test 
Pounds  per  plot 
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Recoverable  Sugar  - 

A  technique,  whereby  thin  Juice  purity  could  be  determined  from 
small  samples,  was  first  used  in  19 53>  following  methods  developed  in  the 
G.  W.  Research  Laboratory  at  Denver.  Using  the  resultant  purity  figure, 
a  calculated  "Recoverable  Sugar"  is  obtained.  An  example  of  the  calcu¬ 
lation  is  as  follows : 

Sugar  in  beets 

Standard  total 

Sugar  on  beets 

Assume  standard  molasses  purity  -  62.5 $ 

00 . 0  -  62.5  =  37.5$  Impurities  on  solids  in  molasses 

£0  e 

^rr~~  -  1. 6667*3  Sugar  on  impurities  in  molasses 

j  1  •  J> 

Sugar  sacked 

89,'  purity  thin  Juice  =  15$  impurities 
19  n 

jjrr  =  17 . 68 71^>  impurities  on  sugar 

Sugar  end  =  11. 70  r  1.7. 6  4  71$  =  2.06471$  on  beers 
Molasses  produced  =  2.Q6471  x  1. 66667  =  3.441'..$  on  beets 
Sugar  sacked  =  12.00  -  (0.30  +  3.4413)  =  8.2587$ 


=  12.00$ 
losses  =  O.pO $ 

at  sugar  end  -  12.00  -  0.30  =  II. 70$ 


Recoverable  sugar  =  =  ^8 . 82$ 


Apnroxima Iron  -  Calculated  as  percentage  of  "difference  required  for 

^ r._nif icanc e  f.or  gioss  sugar  on  basis  ox  relationship 
between  general  means  for  "Gross"  and  "Recoverable"  sugar, 

Gross  sugar  calculatcc  from  the  formula: 


S  lbs.  sugar  =  Mean  lbs.  sugar 


For  use  of  this  method,  see  pages  354  and  356. 
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PART  XII 


FUNGOUS  DISEASES 


Cercospora  Leaf  Spot 


Inve  s  t  ig  at  ion  s— 


1/ 


Lucas  Calpouzos 


G.  F.  Stallknecht 


Selecting  for  Storage  Rot 


2/ 

Resistance— 


D.  L.  Mumford 


G.  J.  Hogaboam 


C  G.  Filban 


Cooperation: 

University  of  Minnesota 
V  Michigan  State  University 


* 
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Cercospora  Leaf  Spot  Investigations  — ' 
L,  Calpouzos  and  G.  F.  Stallknecht 


In  1965  there  were  185,000  -  190,000  acres  of  sugar  beets 
m  northern  Iowa,  Minnesota  and  eastern  North  Dakota.  It  is 
estimated  that  significant  amounts  of  Cercospora  leaf  spot 
occurred  only  on  about  3  percent  of  this  acreage  and  that  seed¬ 
ling  rot  or  damping  off  occurred  also  on  about  3  percent.  Other 
diseases  were  not  present  in  more  than  trace  amounts.  Our 
research  activities  for  the  year  included  both  field  and  labor¬ 
atory  studies  on  Cercospora  leaf  spot. 

I^af  Spot  Disease  Survey  in  Minnesota  and  North  Dakota 

Reliable,  quantitative  data  on  the  incidence  and  distri¬ 
bution  of  leaf  spot  in  Minnesota  are  not  available.  The 
grower  needs  this  information  to  determine  whether  a  spray 
program  is  economically  justified  in  his  area.  The  researcher 
also  needs  this  information  to  learn  more  about  the  epidemio¬ 
logy  of  the  disease. 

This  year  a  disease  survey  of  Minnesota  and  eastern  North 
Dakota  was  established  with  the  intent  to  continue  it  on  a 
regular  annual  basis.  Our  appreciation  goes  to  Drs.  H.  G. 
Johnson  and  H.  L.  Bissonnette,  Extension  Plant  Pathologists  for 
Minnesota  and  North  Dakota,  respectively,  who  played  a  major 
role  in  conducting  the  1965  disease  survey. 

Ninety-seven  fields  were  randomly  selected  throughout  the 
surveyed  area.  Each  field  was  noted  for  disease  three  times 
during  the  growing  season;  in  mid-July,  mid-August  and  mid- 
September.  This  procedure  gave  us  a  dynamic  picture  of  disease 
increase  where  it  occurred.  Disease  rating  was  based  on  the 
Kleinwanzlebener  system  of  0  to  5t  where  0  means  no  disease 
and  increasing  numbers  reflect  increasing  disease  incidence  up 
to  a  maximum  of  5  where  on  every  plant  most  of  the  leaves  are 
killed  by  leaf  spot.  In  practice  we  were  able  to  observe  only 
a  small  portion  of  each  field;  however,  we  believe  that  for 
the  broad  geographical  area  the  general  picture  of  disease 
incidence  was  accurate. 

Some  of  the  fields  were  sprayed  with  fungicide.  Out  of 
the  97  fields  observed,  3  had  a  visible  fungicide  deposit  in 


1/ 

In  cooperation  with  the  Department  of  Plant  Pathology  and 
Physiology  and  the  Agricultural  Experiment  Station,  University 
of  Minnesota,  St.  Paul. 
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mid-July,  19  in  mid-August  and  one  in  mid-September.  The  small 
number  of  fields  treated  with  fungicide  was  probably  insufficient 
to  mask  the  presence  of  disease  in  the  surveyed  area. 

On  the  mid-July  trip, no  more  than  trace  to  slight  disease 
incidence  (0.1  to  1.0  rating)  was  found,  and  this  only  °n  1° 
fields  located  in  Cass,  Clay  and  Polk  counties  of  the  Red  River 
Valley;  and  in  Renville,  Martin  and  Waseca  counties  of  central 
and  southern  Minnesota. 

On  the  mid-August  trip,  57  fields  showed  disease.  Of 
these,  only  7  had  a  disease  rating  above  1  and  none  had  a 
disease  rating  above  2.  The  fields  showing  disease  were  dis¬ 
persed  throughout  the  Red  River  Valley  (Cass,  Walsh,  Traill , 

Clay,  Norman,  Polk  and  Marshal  Counties)  and  the  sugar  beet 
areas  of  central  and  southern  Minnesota  (Swift,  Chippewa, 
Renville,  and  Martin  and  Waseca  counties,  respectively). 

On  the  mid-September  trip, 51  fields  showed  disease.  Of 
these,  seven  fields  were  rated  between  1  and  2,  one  field  was 
rated  3,  and  the  rest  had  a  rating  of  1  or  less.  The  geograph¬ 
ical  distribution  of  diseased  fields  was  similar  to  that 
reported  for  the  mid-August  trip,  except  for  Traill  and  Marshal 
counties  in  which  we  found  no  disease,  and  for  Faribault 
county  (southern  Minnesota)  where  we  found  disease  for  the  first 

time. 

No  one  knows  at  what  minimal  disease  rating  sugar  yield 
begins  to  suffer.  Nevertheless,  if  we  choose  as  a  tentative 
criterion  that  a  disease  rating  of  2  by  mid-September  is 
necessary  for  a  noticeable  loss  in  yield,  then  we  conclude 
that  in  1965  Cercospora  leaf  spot  was  relatively  unimportant 
as  an  economic  factor  in  Minnesota  and  North  Dakota,  since 
in  September  only  three  fields  had  a  disease  rating  of  2  or 
greater.  Compare  the  1965  results  with  those  from  cursory 
surveys  taken  in  September, .1963,  and  September,  1964,  in  the 
area  between  E.  Grand  Forks,  Crookston  and  Moorhead  (Polk, 

Norman,  and  Clay  counties).  In  1963  and  1964,  roughly  one- 
half  of  the  randomly  sampled  fields  had  a  disease  rating  of  2 
or  greater,  indicating  that  damaging  amounts  of  disease  were 
much  more  common  than  the  3  percent  of  the  fields  observed  in 

1965. 

The  reason  for  the  low  amount  of  leaf  spot  disease  in 
1965  was  probably  due  to  the  weather  conditions.  Records  from 
the  Fargo-Moorhead  area  (Cass  and  Clay  counties)  show  that  rain¬ 
fall  was  above  average  for  May,  July,  and  September,  and  only 
slightly  below  average  for  June  and  August.  Moisture,  therefore, 
was  probably  not  a  limiting  factor  for  disease  development. 
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On  the  other  hand,  temperatures  were  low.  May  and  June  were 
slightly  below  the  30~year  average,  but  July  and  August  rank  6th 
and  5th, respectively,  as  the  coolest  for  the  last  30  years, 
September,  1965*  broke  the  30-year  record  for  the  lowest  average 
temperature  for  that  month.  We  speculate  that  the  unusually 
cool  temperatures  of  July,  August,  and  September,  1965,  were 
responsible  for  the  unusually  small  amount  of  leaf  spot  disease. 
The  low  temperatures  probably  greatly  increased  the  time  required 
for  the  fungus  to  complete  its  life  cycle,  which  in  turn  would 
result  in  fewer  infections. 

The  Timing  of  Fungicide  Sprays  Affects  Leaf 
Spot  Control  and  Sugar  Yield 

The  classic  picture  of  a  plant  disease  epidemic  can  be 
plotted  as  a  sigmoid  curve  with  the  X  axis  representing  time 
and  the  Y  axis  representing  disease  incidence.  At  the  beginning 
of  the  epidemic  there  is  very  little  disease  increase  with  time; 
then  in  the  second  stage  of  the  epidemic,  disease  increases 
very  rapidly  with  time;  finally,  in  the  last  stage,  the  large 
amount  of  disease  remains  fairly  constant  with  time.  A  success¬ 
ful  fungicide  program  should  prevent  the  second  and  final  stages 
of  the  epidemic  since  the  economic  losses  occur  during  and  after 
the  rapid  build-up  of  disease.  Cercospora  leaf  spot  seems  to 
follow  the  type  of  disease  epidemic  just  described. 

On  theoretical  grounds,  an  effective  fungicide  program  should 
probably  begin  at  the  transition  between  stages  1  and  2.  In  the 
field  this  point  of  the  epidemic  would  occur  when  about  half  of 
the  plants  are  starting  to  show  a  few  scattered  spots  on  several 
leaves.  The  disease  rating  for  such  a  field  would  be  around 
0.5  (  on  the  0-5  scale).  We  conducted  an  experiment  to  test 
the  effectiveness  of  a  standard  spray  program  which  began  at 
different  dates  from  the  time  that  the  first  few  spots 
appeared  in  the  field  (rating  0.5)« 

The  experiment  was  carried  out  at  Mason  City,  Iowa,  with 
the  cooperation  of  the  Research  Department  of  the  American 
Crystal  Sugar  Company  to  whom  we  express  our  gratitude.  The 
standard  fungicide  schedule  consisted  of  four  sprays, each 
separated  by  2-week  intervals.  The  same  fungicide,  Dithane 
M-45,at  2  lbs  in  40  gallons  of  water  per  acre  was  used  through¬ 
out.  We  tried  to  control  the  experimental  factors  except  for 
the  dates  of  the  spray  applications.  The  date  of  the  first 
spray  for  each  of  the  six  treatments  was  as  follows . 
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(1)  July  1,  1965»  appearance  of  first  spots  (0.5  disease 
rating) . 

(2)  July  ?.  (3)  July  14.  (4)  July  21. 

(5)  July  28.  (6)  No  spray  -  check. 

Each  treatment  consisted  of  six  replicate  plots ,each  con¬ 
taining  four  25-foot  rows  of  sugar  beets.  The  plots  were  uniformly 
sprayed  with  a  tractor  mounted  hydraulic  sprayer.  Only  the  center 
two  rows  of  sugar  beets  from  each  plot  were  used  for  yield  data. 

The  disease  epidemic  progressed  slowly.  The  disease  incid¬ 
ence  rating  in  the  check  plots  was  0.5  in  early  July,  about  1.0 
in  early  August,  about  4  in  early  September,  and  5  in  early  October. 
The  plots  were  harvested  during  October  18-19,  1965* 

Table  1  presents  the  average  yield  data  from  the  experiment. 

In  terms  of  total  sucrose  per  acre,  all  treatments  gave  signifi¬ 
cantly  higher  yields  (5#  level)  than  the  checks.  Treatments  2  and 
1  were  significantly  better  than  treatment  4,  while  treatments  3 
and  5  were  intermediate.  There  is  a  trend  toward  better  disease 
control  with  the  spray  schedules  begun  at  the  time  when  the  spots 
first  appeared  or  one  week  later. 

The  higher  total  sugar  yield  with  the  early  spray  schedules 
resulted  primarily  from  higher  root  tonnage.  The  percent  sucrose 
data  showed  no  clear  trend.  The  highest  percent  sucrose  came  with 
the  last  spray  schedule  (no.  5)j  perhaps  because  the  fungicide  was 
protecting  the  plants  when  they  were  beginning  to  "sugar-up”  in 
September.  On  the  other  hand,  the  lowest  percent  sucrose  of  the 
treatments  occurred  with  schedule  no.  4  which  terminated  only  one 
week  before  schedule  no.  5»  This  is  surprising  and  cannot  be 
readily  explained.  In  percent  purity,  no  significant  differences 
existed  between  the  treatments  or  the  check,  and  no  trend  seemed 
evident. 

These  data  are  among  the  first  available  on  the  importance 
of  when  fungicide  sprays  are  applied  with  respect  to  the  first 
appearance  of  disease  in  the  field.  The  results  indicate  that  an 
early  start  will  increase  the  tons  of  roots,*  however,  further 
experiments  should  be  carried  out  again,  especially  in  a  season 
when  disease  builds  up  rapidly  (unlike  1965),  before  drawing  any 
final  conclusions. 


Table  1.  Yields  from  sugar  beet  plots  treated  with  a  4-spray  fungicide  schedule  started  at 
different  times  from  the  first  appearance  of  leaf  spot  disease. a 
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Each  value  is  the  average  six  replicate  plots.  This  experiment  was  carried  out  in 
cooperation  with  the  Research  Department  of  the  American  Crystal  Sugar  Company. 
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Sporulation  of  Cercospora  beticola 
is  Stimulated  by  Light  only 
at  a  Specific  Time  after  Inoculation 


In  last  year's  research  report  (see  also  Phytopathology  55: 

1 370—1373 •  1965«)  we  showed  that  white  light  significantly 

stimulates  sporulation  of  C.  beticola  cultures  held  at  15°C  during 
a  7-day  incubation  period.  We  wanted  now  to  determine  whether  a 
shorter  exposure  to  light  could  equal  the  effect  produced  by  the 
7-day  exposure. 

In  this  experiment  a  single -spore  isolate  of  C.  beticola 
originating  from  Iowa  was  grown  on  sugar  beet  leaf  extract  agar 
in  petri  dishes.  The  agar  was  inoculated  with  0.3  ml  of  a  spore 
suspension  which  resulted  in  uniform  growth  of  the  same  age 
developing  over  the  entire  surface  of  the  agar.  From  the  time  of 
inoculation,  the  plates  were  kept  in  the  dark  at  15°C  for  7  days 
except  for  a  single  24-hr.  exposure  to  80  ft  -c  of  white  light 
(cool  white  fluorescent  lamp)  at  15°C.  The  experimental  checks 
consisted  of  plates  kept  constantly  either  in  the  dark  or  in  the 
light  at  15°C. 

Each  treatment  consisted  of  three  replicate  plates.  At  the 
end  of  the  seventh  day  a  disk  of  uniform  size  consisting  of  agar 
and  fungus  was  removed  from  the  center  of  each  plate  and  placed 
in  a  test  tube  containing  10  ml  of  water.  The  test  tube  was 
thoroughly  shaken  for  one  minute,  and  the  resulting  spore  suspension 
was  sampled  six  times  to  determine  the  spore  concentration  by  means 
of  a  hemocytometer. 

The  experiment  was  repeated  three  times  with  parallel  results. 
Table  2  presents  the  spore  counts  averaged  from  the  three  experi¬ 
ments.  Exposure  to  white  light  during  the  4th  day  (72nd  to  96th 
hr.  after  inoculation)  resulted  in  a  marked  increase  in  sporulation 
almost  equalling  the  sporulation  induced  by  a  7-day  exposure  to  white 
light.  Exposure  to  white  light  before  or  after  the  4th  day  had 
little  or  no  effect  on  sporulation  when  compared  to  the  fungus 
cultures  kept  in  constant  darkness. 

These  results  indicate  that  at  15°C  the  sporulating  fungus  is 
responsive  to  light  only  during  the  4th  day  of  its  growth.  The 
biochemical  and  physiological  basis  of  this  response  should  be 
investigated. 
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Table  2*  Effect  of  a  single  24-hr.  exposure  to  white  light  on 
the  sporulation  of  Cercospora  beticola  incubating  for 
7  days  at  15°C. 


Time  of  exposure  to  light 
(days  after  inoculation) 

Average  spore  counta 
(spores /ml  water) 

1 

53,000 

2 

50,000 

3 

70,000 

4 

130,000 

5 

50,000 

6 

48,000 

7 

38,000 

check  (constant  light) 

143,000 

check  (constant  dark) 

45,000 

a 


Each  value  is  the  average  for  three  replicate  experiments. 
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Riboflavin  and  Sporulation  of 
Cercospora  beticola 


There  is  a  need  to  determine  the  physiological  mechanism 
controlling  sporulation  in  C.  beticola  since  the  fungus  sporu- 
lates  erratically.  The  medium  is  widely  recognized  as  an  important 
factor  influencing  sporulation;  however,  the  significant  components 
of  the  medium  which  favor  sporulation  remain  unknown.  A  recent 
report  (J.  Amer.  Soc.  Sugar  Beet  Technol.  11:  400.  1961.) 

mentioned  that  sporulation  of  C.  beticola  was  increased  many  times 
on  Czapeks*  agar  (a  synthetic  medium)  by  the  addition  of  a  small 
amount  of  riboflavin.  We  wished  to  check  this  report  with  one  of 
our  fungus  isolates  originating  from  Iowa. 

Riboflavin  was  added  to  Czapek’s  agar  to  make  concentrations 
of  1,  10,  and  100  ppm.  The  check  consisted  of  Czapek's  agar  with 
no  added  riboflavin.  The  batches  of  agar  were  then  autoclaved  and 
poured  into  5-cm  petri  dishes.  Each  dish  was  flooded  with  0.3  nil 
of  washed  spores  of  C.  beticola.  There  were  three  agar  plates 
for  each  riboflavin  concentration;  two  plates  were  incubated  under 
a  diurnal  cycle  of  light  and  darkness;  the  third  plate  was  incub¬ 
ated  in  constant  darkness.  All  plates  were  kept  in  temperature 
cabinets  set  at  15°C  for  7  days  and  were  then  examined  for  spores, 
using  the  standard  method  described  in  the  preceding  report. 

Of  the  cultures  kept  in  constant  darkness,  none  had  spores. 

Most  of  the  cultures  exposed  to  diurnal  light  had  spores  as 
the  following  data  show: 

Riboflavin  Average  no.  of  spores/ml  of  suspension 

concentration 

ppm _  Replicate  plate  no.  1  Replicate  plate  no.  2 

o  15,000  i,6oo 

1  8,300  0 

io  15,000  6.6oo 

100  6,600  6,6 00 


The  variation  in  spore  counts  between  replicate  plates 
generally  was  large  and  no  marked  trend  was  apparent.  With  our 
fungus  isolate  growing  on  Czapek’s  agar,  we  were  unable  to  find  any 
obvious  stimulation  of  sporulation  in  the  presence  of  added  riboflavin. 
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A-C°mparis°n  of  the  Protective  Properties  of  Three  Fungicides 
against  Spores  of  Cercospora  beticola. 


Triphenyl  tin  hydroxide  provides  excellent  disease  control, 
often  resulting  in  50  percent  fewer  leaf  spots  than  those  found  on 
sugar  beets  sprayed  with  either  copper  or  raaneb  fungicides.  Sugar 
yields  per  acre  are  often  50-75  percent  higher  for  the  tin  fungi¬ 
cide  treatments  than  for  the  copper  or  maneb  treatments. 

Although  the  majority  of  evidence  from  the  field  indicates 
that  the  tin  compound  is  an  outstanding  fungicide  against  leaf 
spot  of  sugar  beets,  there  is  almost  nothing  known  of  its  mode  of 
action  against  Cercospora  beticola.  Most  fungicides  are  protectants, 
since  they  act  on  the  surface  of  the  host  to  prevent  invasion  by 
pathogens.  Therefore,  in  the  present  study  the  protectant  properties 
of  triphenyl  tin  hydroxide  were  compared  with  those  of  Tribasic 
copper  and  Di thane  M-45  (a  maneb  derivative),  which  are  typical 
protectant  fungicides.  The  following  properties  of  the  three 
compounds  were  studied;  toxicity  toward  spore  germination,  tenacity 
on  leaf  surfaces  exposed  to  simulated  rain,  ability  to  distribute 
over  the  entire  leaf  surface,  and  the  diameter  of  the  fungicide 
particles. 

Materials  and  Methods.  The  conidia  used  in  the  experiments 
were  obtained  from  an  isolate  cultured  on  sugar  beet  leaf  extract 
agar.  The  plates  were  inoculated  by  taking  a  section  of  a  sporu- 
lating  colony  and  touching  it  to  the  entire  surface  of  the  agar 
plate.  The  cultures  were  grown  in  an  incubator  set  at  22  C  with 
alternate  light  and  dark  periods  of  12  hr.  each.  Spores  were 
obtained  from  6-day-old  cultures  by  flooding  the  plates  with 
water  and  then  brushing  the  colonies  lightly  with  a  0.5-inch 
artist’s  brush.  The  spores  were  washed  in  a  Millipore  filter 
column  (15  ml  capacity)  by  5  rinses  of  distilled  water.  Spore 
counts  were  made  and  the  volume  of  the  spore  suspension  was  adjusted 
to  give  a  spore  concentration  of  approximately  50,000  spores  per 
ml  in  all  experiments. 

Three-month -old  plants  of  sugar  beet  variety  3-S  from  the 
American  Crystal  Sugar  Company  were  used.  All  experiments  involving 
plants  were  conducted  under  similar  controlled  environment  conditions. 

Triphenyl  tin  hydroxide  comes  as  a  wettable  powder  with  20 
percent  active  ingredients.  The  maneb  fungicide,  Dithane  M-45,  is 
a  co-ordination  product  of  zinc  and  managanese  ethylenebisdithjp- 
carbamate,  and  is  a  wettable  powder  with  80  percent  active 
ingredients.  The  copper  fungicide,  Tribasic  Copper  Sulfate,  con¬ 
tained  53  percent  metallic  copper.  The  copper  and  maneb  fungicides 
are  being  used  commercially  for  the  control  of  Cercospora  leaf 
spot  on  sugar  beets  and  were  included  as  comparative  standards  for 
the  tin  fungicide.  The  final  fungicide  concentrations  used 
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in  the  spore  germination  tests  were  based  on  the  percent  of  active 
material  present.  The  fungicide  concentrations  in  the  tenacity 
and  distribution  studies  were  equivilent  to  field  rates;  80 
gallons  of  water  with  either  2  pounds  of  maneb,  or  5  pounds  of 
copper,  or  0.5  pound  of  tin.  In  the  experiments  concerned  with 
fungicide  tenacity  and  distribution  on  the  leaves,  a  spreader- 
sticker,  Triton  B-1956> was  added  to  each  fungicide  suspension  at  a 
concentration  equivalent  to  4  oz  per  80  gallons  of  spray. 

On  the  leaf  surfaces  a  1  percent  crystal  violet  dye  solution 
was  used  to  stain  the  spores.  The  inoculated  leaf  area  was  cut 
from  the  leaf  blade  and  placed  on  a  glass  slide.  The  light  beam 
from  the  microscope  was  directed  from  below,  through  the  intact 
leaf  tissue.  The  spores  were  easily  observed  at  a  magnification 
of  100X.  In  all  experiments  the  spores  were  arbitrarily  considered 
germinated  if  each  spore  had  one  germ  tube  at  least  10  microns 
long. 


Results.  Spore  germination  on  glass  slides.  Three  0.02  ml 
droplets  of  spore-fungicide  mixture  were  deposited  on  a  slide. 

Three  slides  were  used  for  each  fungicide  concentration.  The 
slides  were  kept  in  a  moist  chamber  at  near  saturate  humidity  for 
24  hr.  in  a  dark  incubator  set  at  25  C.  One  hundred  spores  per 
droplet  were  observed  for  germination,  totaling  300  spores  per 
slide.  The  experiment  was  replicated  three  times. 

The  usual  practice  is  to  present  fungicide  toxicity  data  in 
terms  of  percent  spore  germination  only.  Differences  in  germ 
tube  length  are  not  included.  We  found  instances  where  spores  at 
different  fungicide  concentrations  had  the  same  percent  germination 
but  markedly  different  average  germ  tube  lengths.  These  observations 
clearly  indicated  different  degrees  of  toxicity  even  though  the  per— 
cent  germination  was  the  same.  Therefore,  we  devised  a  germination 
index  (whose  values  were  derived  from  the  percent  germination 
multiplied  by  the  average  germ  tube  length  in  microns)  to  present 
a  more  accurate  picture  of  fungicide  toxicity  than  that  derived 
from  percent  germination  alone. 


Table  3  presents  the  germination  index  concentrations  of  the 
three  fungicides,  and  shows  large  differences  in  toxicity  between 
the  tin  fungicide  on  the  one  hand  and  the  copper  and  maneb 
fungicides  on  the  other.  The  tin  compound  at  a  concentration  of 
0.01  ppm  gave  a  germination  index  of  zero,  whereas  copper  and  maneb 
required  more  than  10  ppm  to  cause  similar  inhibition. 

Spore  germination  on  leaves.  Three  replicate  leaves  attached 
to  each  of  3  plants  were  dipped  into  one  concentration  of  a  fungi¬ 
cide  and  allowed  to  dry.  The  plants  were  then  placed  in  a  humidity 
chamber.  Droplets  of  spore  suspension  were  deposited  on  each  of 
the  treated  leaves,  and  then  the  humidity  chambers  were  sealed 
immediately.  The  chambers  were  kept  at  approximately  25°C.  After 
24  hr.,  the  plants  were  removed  from  the  chambers.  Five  inoculated 
areas  per  leaf  were  observed  for  germination.  The  experiment  was 
repeated  three  times. 
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Table  3.  Spore  germination  on  glass  slides  in  the  presence  of 
triphenyl  tin  hydroxide,  Tribasic  copper  sulfate,  or 
Di thane  M-45. 


Concentration  Germination 

of  fungicide  index  x  10“^ab 

in  ppm. 


24.50 

5.85 

1.80 

0.00 


COPPER 

0.1 

23.53 

0.5 

6.10 

1.0 

5.46 

5.0 

1.74 

10.0 

0.44 

24.75 

8.70 

7.60 

2.16 

0.52 


TIN 

0.001 

0.005 

0.0075 

0.010 


The  average  is  based  on  27  spots  on  9  slides:  100  spores  observed 
per  spot. 


Germination  index  value  based  on  the  average  percent  spore  germin¬ 
ation  multiplied  by  the  average  germ  tube  length  in  microns. 
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In  Table  4,  the  results  show  that  on  sugar  beet  leaves  the  tin 
compound  gave  a  germination  index  of  zero  at  1  ppm,  whereas  the 
copper  and  maneb  fungicides  required  1000  ppm  to  cause  similar 
inhibition.  These  dosages  are  about  100  times  greater  than  those 
necessary  for  zero  germination  index  in  the  glass  slide  tests. 

Tenacity  of  the  fungicides  on  leaves.  One  experiment  was 
performed  to  investigate  the  tenacity  of  the  fungicides  under 
simulated  rain  treatments.  Three  plants  were  used  per  fungicide 
concentration.  Three  leaves  of  each  plant  were  dipped  in  the 
fungicide  suspension.  The  plants  were  exposed  to  1.5  inches  of 
simulated  rain  on  the  2nd,  5th,  10th,  16th,  and  22nd  day  after  the 
leaves  were  dipped  in  the  fungicide  suspensions. 

Twenty-four  hr.  after  each  rain  treatment,  one  10  mm.  disk  was 
removed  from  each  of  the  3  treated  leaves  on  each  plant.  The  disks 
were  placed  on  1.2  percent  water  agar  in  petri  plates  which  served 
as  humidity  chambers.  One  droplet  of  spore  suspension  was  placed 
in  the  center  of  each  leaf  disk.  The  inoculated  leaf  disks  were 
incubated  for  24  hr.  in  a  dark  incubator  set  at  25  C.  After  24  hr., 
the  leaf  disks  were  removed  from  the  humidity  chamber,  were  allowed 
to  dry,  and  were  then  stained  with  crystal  violet  dye  solution,  and 
on  each  disk  100  spores  were  observed  for  germination. 

The  tin  fungicide  stopped  spore  germination  until  the  22nd  day, 
when  an  average  of  20  percent  germination  was  observed.  The  copper 
treated  leaves  showed  10  to  30  percent  spore  germination  throughout 
the  experiment , while  the  maneb  treated  leaves  had  30  to  80  percent 
spore  germination.  Neither  copper  nor  maneb  resisted  washing  as 
well  as  the  tin  compound. 

Distribution  of  the  fungicides  on  the  leaf  surface.  In  one 
experiment,  each  fungicide  was  applied  to  3  leaves  of  5  plants  by 
dipping  the  leaves  in  the  fungicide  suspension.  Twenty-four  hr. 
after  the  fungicide  was  applied  to  the  leaves,  three  10  mm.  disks 
were  removed  at  random  from  each  of  the  fifteen  treated  leaves. 
Inoculation  and  incubation  procedures  were  the  same  as  in  the 
tenacity  tests. 

Table  5  shows  that  all  sampled  areas  from  the  tin  treated  leaves 
had  sufficient  toxicant  to  completely  inhibit  spore  germination, 
thereby  indicating  excellent  fungicide  distribution.  By  contrast, 
the  leaf  samples  from  the  copper  and  maneb  treatments  occasionally 
had  insufficient  toxicant  to  stop  germination,  thereby  indicating 
poorer  fungicide  distribution  than  that  obtained  with  the  tin  com¬ 
pound.  The  copper  and  maneb  fungicides  protected  only  an  average 
of  69  and  ?6  percent,  respectively,  of  all  the  leaf  samples 
observed. 
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Table  4.  Spore  germination  on  sugar  beet  leaf  surfaces  in  the 
presence  of  triphenyl  tin  hydroxide,  Tribasic  copper 
sulfate,  or  Dithane  M-45. 


Concentration 
of  fungicide 
in  ppn. 


Germination 
index  x  10"3ab 


TIN 

0.01 

0.10 

1.00 

24.50 

4.90 

0.00 

COPPER 

10.00 

23.25 

100.00 

5.11 

500.00 

2.46 

1000.00 

0.32 

M-45 

10.00 

24.50 

100.00 

7.40 

500.00 

1.96 

1000.00 

0.00 

The  average  is  based  on  135  droplets  on  27  treated  leaves  from 
three  experiments. 

b 

Germination  index  value  is  based  on  the  average  percent  germination 
multiplied  by  the  average  germ  tube  length  in  microns. 
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Table  5.  Distribution  of  triphenyl  tin  hydroxide,  Tribasic 

copper  sulfate,  and  Dithane  M-45  on  sugar  beet  leaves 
as  assayed  by  spore  germination  of  Cercospora  beticola. 


Replicate  Average  percent  leaf  area  sampled  having  suffi- 

Plant  No.  cient  fungicide  to  inhibit  spore  germination.3 


Tin 

Copper 

Maneb 

1 

100 

33 

78 

2 

100 

78 

100 

3 

100 

67 

56 

4 

100 

89 

67 

5 

100 

78 

67 

Total  average 

100 

69 

76 

Germination  was  checked  on  3  areas  of  each  of  3  leaves  per 
plant.  Each  average  for  a  replicate  plant  is  based  on  9 
leaf  areas.  The  values  were  obtained  by  dividing  the  no. 
of  disks  observed  per  plant  into  the  no.  of  disks  on  which 
germination  did  not  occur  and  multiplying  by  100. 
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Fungicide  particle  size  measurements.  Particle  size  of 
fungicides  has  been  known  to  influence  toxicity;  the  smaller 
the  particle  size, the  greater  the  activity  of  the  compound. 
Therefore,  measurements  were  made  on  the  particle  sizes  of  the 
tin,  copper,  and  maneb  fungicides  since  it  was  thought  that 
perhaps  the  high  toxicity  of  the  tin  compound  may  be  due  to  an 
unusually  fine  particle  size. 

Droplets  of  each  fungicide  suspension  were  deposited  on 
three  glass  slides  and  observed  under  a  compound  microscope, 
at  900X  magnification.  The  approximate  particle  diameter  for  the 
tin  ranged  from  0.3  microns  to  0.5  microns;  for  copper,  0.4  to  0.7 
microns;  and  for  maneb,  1.0  to  1.5  microns.  It  was  also  noted 
that  the  copper  and  maneb  fungicides  had  a  tendency  to  form  clumps 
readily,  whereas  the  tin  fungicide  formed  none. 

Discussion.  Triphenyl  tin  hydroxide,  Tribasic  copper  sulfate, 
and  Dithane  M-45  were  tested  as  protectant  fungicides  against 
Cercospora  leaf  spot  on  sugar  beets.  The  results  concerning  spore 
germination,  fungicide  tenacity,  fungicide  distribution,  and  fungi¬ 
cide  particle  size,  indicate  that  the  tin  fungicide  is  a  better 
protectant  fungicide  than  either  copoer  or  maneb.  No  effort  was 
made  to  determine  whether  the  tin  fungicide  has  any  eradicative 
action. 

The  fungicide  concentration  required  to  inhibit  spore  germ¬ 
ination  was  much  higher  on  the  leaf  surface  than  on  the  glass  slide, 
as  one  might  expect,  since  on  the  glass  slide  the  spore  was  bathed 
in  the  fungicide  suspension;  whereas  on  the  leaf  surface,  the 
fungicide  had  to  be  solubilized  in  the  spore  suspension  droplet. 

Observations  on  fungicide  particle  size  and  particle  clumping 
showed  that  the  tin  and  copper  fungicides  had  the  smallest  particle 
diameter,  but  only  the  tin  shewed  no  tendency  to  clump.  Since  the 
particle  diameter  for  the  tin  and  copper  fungicides  were  nearly 
the  same,  it  is  unlikely  that  particle  size  alone  could  account 
for  the  difference  in  fungicidal  distribution  between  the  tin  and 
cooper.  However,  the  tendency  to  avoid  clumping  may  be  responsible 
for  some  of  the  better  distribution  characteristics  of  the  tin. 
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Evaluation  of  a  Laboratory  Method  of  Selecting  Sugarbeeta 
for  Resistance  to  Storage  Rot 

D.  L.  Mumford,  G,  0.  Filban,  and  G.  J,  Hogaboam 


A  laboratory  method  of  selecting  sugarbeeta  for  resistance  to  storage 
rot  is  routinely  used  in  breeding  work  in  Russia  (2) (personal  communica¬ 
tion  with  Mr.  Dewey  Stewart,  1965 ).  Similar  work  involving  inoculation 
techniques  to  test  for  resistance  to  storage  pathogens  has  been  reported 
in  the  United  States  (l).  A  laboratory  method  similar  to  one  used  by 
Russian  workers  was  evaluated  to  determine  its  usefulness  in  our  research 
program. 

Competitive  roots  were  harvested  by  hand  from  the  field  and  washed. 

A  rectangular  section  approximately  3  cm  wide,  1  cm  deep,  and  5  cm 
long  was  removed  from  the  side  of  each  root.  A  special  knife  con¬ 
sisting  of  a  flat  blade  with  the  edges  turned  up  at  right  angles  was 
used  to  remove  the  sections  by  passing  it  down  the  side  of  the  root, 
beginning  at  the  crown.  Each  section  was  cut  in  half  and  labeled  to 
designate  the  beet  it  came  from  and  the  half  originating  nearest  the 
crown.  Up  to  60  of  these  sections  were  placed  in  plates  containing 
a  culture  of  Botrytis  cinerea  Fr. 

Pyrex  plates  (22  x  22  cm)  were  poured  with  3QO  ml  of  potato— dextrose- 
agar,  then  covered  with  aluminum  foil  and  autoclaved.  They  were 
inoculated  by  spreading  a  spore  suspension  of  the  fungus  on  the  agar 
surface.  After  four  days, abundant  fungal  growth  was  present  and  the 
root  sections  were  placed  on  edge  directly  on  the  culture  surface. 
Following  10-14  days  incubation  at  21  -  23  C  the  sections  were  re¬ 
moved  and  examined  by  cutting  them  longitudinally  and  measuring  the 
distance  discoloration  had  progressed  into  the  tissue,  ihe  value 
assigned  each  section  was  based  on  the  number  of  mm  the  discoloration 
(rot)  had  moved  into  the  tissue. 


Rot  Reaction  of  Root3  Tested  at  Harvest  and  After  Storage 

Twenty  roots  of  SP  6322-O,  a  pollinator  used  in  the  production  of  com¬ 
mercial  hybrids  for  the  Great  Lakes  Region,  were  rated  by  the  laboratory 
method  for  storage  rot  resistance  immediately  after  harvesting.  After 
removing  the  sections  for  testing, these  same  roots  were  packed  in 

shavings  in  crates  and  stored  at  5°  T°r  0Tie  month.  ^  0  en  0 

storage  period  the  roots  were  tested  again, using  a  section  rom  e  P- 
posite  side  of  the  root.  Conditions  during  the  second  £est  were  >:ep  a. 
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near  as  possible  the  same  as  the  first  test* 

The  mean  value  of  5.9  after  storage  was  significantly  higher  (p  -  0.01 ) 
than  the  mean  value  of  3.1  for  the  roots  before  storage.  This  indicates 
that  during  storage,  even  under  relatively  ideal  conditions,  changes 
take  place  in  the  roots  which  reduce  their  resistance  to  attack  by  the 
storage  pathogen  B_.  cinerea. 

Evaluati on  of  25  Varieties  and  Strains  for  Resistance  to  Storage  Rot 

Ten  roots  of  each  variety  were  tested  by  the  laboratory  method,  again 
using  _B.  cinerea  as  the  test  organism.  It  is  significant  that  the  four 
varieties  rated  most  resistant  were  from  material  that  had  undergone 
selection  for  Botrytis  resistance  by  John  Gaskill  at  Fort  Collins, 
Colorado  (Table  1 ) •  These  results  confirm  the  progress  made  at  Fort 
Collins  and  suggest  that  the  method  employed  here  can  be  effectively 
used  to  select  for  resistance  to  storage  rot  caused  by  13.  cinerea. 
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Table  1,  Reaction 
rot  by  Bo 

Identification  No, 

SP  641203H0 

mm 

SP  571801-00 

MM 

sp  571102-00 

MM 

sp  581026-0 

MM 

us  401 

MM 

us  400 

MM 

GW  674-56C 

MM 

EL  33 

mm 

sp  581027-0 

MM 

sp  581025-0 

MM 

64G4-02 

M- 

sp  621003-0 

M- 

sp  5831-0 

mm 

sp  633700-1 

mm 

SP  621004-0 

mm 

us  225 

MM 

SP  633667-1 

mm 

EL  31 

mm 

sp  631001-0 

MM 

SP  5QA3-OO 

MM 

F59-5°7Hl 

mm 

64g4-oi 

M- 

EL  34 

mm 

EL  32 

mm 

EL  35 

mm 

Description  g/ 


Average 
wm  of 


SBR 

SBR  from  SP  5OA3-OO 

SBR  from  SP  5QA3-OO 

SBR  from  US  400 

Susceptible  to  Rhizoctonia 

Susceptible  to  Botrytis 

Great  Western  Sugar  Co,  -  susc.  to  Rhiz, 

Inbred  from  East  Lansing 

SBR  from  US  l+OO 

SBR  from  US  I4.OO 

Susceptible  to  Rhizoctonia  -  East  Lansing 
SRR 

Susceptible  to  Rhizoctonia  -  Ft.  Collins 

Resistant  to  Aphanomyces  -  Beltsville 

SRR  from  SP  5 83 1-0 

Inbred  susceptible  to  Botrytis 

Susceptible  to  Aphanomyces  -  Beltsville 

Inbred  from  East  Lansing 

SRR  from  Gw  674— $6C 

Susceptible  to  Botrytis  -  Fort  Collins 
Susceptible  to  Aphanomyces  -  Salinas 
Susceptible  to  Rhizoctonia  -  East  Lansing 
Inbred  from  East  Lansing 
Inbred  from  East  Lansing 
Inbred  from  East  Lansing 


1.9 

2,0 

2.5 
2.7 

2.7 

2.8 
3.0 
3*2 
3.2 
3.2 

3.2 
3*4 

3.6 

3.7 

3.8 
3.8 
3.8 

4.2 

4.6 

4.7 

4.8 

5.3 

5.4 

6.5 
6.7 


LSD  5/0 


1.9 


a/  MM  =  Multi germ 

M—  =  Multigerm  -  female  plant 
mm  =  Monogerm 

SBR=  Selection  made  for  Botrytis  resistance  at  Fort  Col] ins 
3RR=  Selection  made  for  Rhyzoctonia  resistance  at  Fort  Collins 
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Selection  of  Resistant  Roots  from  SP  6322-0 

One  thousand  roots  of  SP  6322— 0  were  tested  with  the  laboratory  method. 
Some  difficulty  arose  in  testing  this  material  because  the  plates  con¬ 
taining  the  sections  were  incubated  for  28  days.  It  is  suspected  that 
the  longer  incubation  time  allowed  contaminants  carried  on  the  sections 
to  grow  and  influence  the  ratings.  This  led  to  reducing  the  incubation 
time  to  10  -  lZj.  days. 

A  100-root  sample  was  selected  from  those  receiving  the  lowest  storage 
rot  rating,  and  another  100-root  sample  was  selected  from  those  receiv¬ 
ing  the  highest  rating.  Progenies  from  these  two  samples  will  be 
compared.  By  making  these  selections  from  the  pollinator  currently 
being  used  commercially,  any  significant  improvement  observed  in  the 
resistant  sample  could  rapidly  be  incorporated  into  commercial  use. 

Comparison  of  Beets  Grown  at  Three  Nitrogen  Levels 

Root  samples  from  plots  receiving  high,  medium,  and  low  levels  of  nitrogen 
fertilization  were  tested  with  the  laboratory  method.  These  roots  were 
obtained  from  fertilization  experiments  being  carried  out  by  P.  *1.  Snyder 
and  Grant  Nichol  in  the  Thumb  Area  of  Michigan.  Three  replications  from 
each  of  the  three  nitrogen  levels  were  tested  from  each  of  four  loca¬ 
tions.  Although  the  specific  levels  of  nitrogen  applied  varied  between 
locations,  there  was  at  least  a  30  lb.  difference  between  the  low  and 

medium  levels  and  at  least  a  90  lb.  difference  between  the  low  and  high 
levels.  ^ 


Reaction  to  B.  cine re a  and  analysis  for  sugar  content,  purity,  amino 
nitrogen,  and  potassium  were  determined  on  the  same  10-root  samples. 
Based  on  a  combined  analysis  of  variance  for  four  locations,  there 
was  significantly  (p  =  .05)  less  rot  of  root  sections  from  the  high 
nitrogen  level  than  from  the  medium  and  significantly  less  rot  of 
root  sections  from  the  medium  than  from  the  low  nitrogen  level  (Table 
2/.  Although  both  average  total  rot  and  percent  sugar  increased 

^ecr®ase  ln  nitr°gen  level  at  each  location,  the  correlation 
(O.lbJ  based  on  individual  samples  was  not  significant.  The  highest 
correlation  (-0.68)  occurred  between  rot  and  amount  of  amino  niSogen. 
.his  is  m  agreement  with  a  report  by  Russian  workers  (2)  that  roots 

wi  h  low  nitrogen  content  were  more  severely  affected  than  those  with 
high  nitrogen  content. 

The  data  presented  suggest  that  roots  with  high  purity  and  low  nitro¬ 
gen  are  more  susceptible  to  rot  by  B.  cinerea,  Since  it  is  general^ 
accepted  that  storage  losses  are  iess  quality  roots,  it  wouW 

seem  that  factors  other  than  rot  by  B.  cinerea  are  of  major  importance 
m  causing  losses  in  stored  beets.  J  mP°rpance 
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Table  2.  Storage  rot  reaction,  sugar  content,  clear  juice  purity 
(C!JP),  amino  nitrogen  level  (NIP)— N),  and  potassium  level 
(K)  of  roots  grown  at  three  levels  of  nitrogen  fertilization  a / 


Loca¬ 

tion 

Nitrogen 

Level 

Average 

Total 

Rot 

Sugar 

in 

Beet 

CJP 

NHp-N 
per  100  g. 
Sugar 

K/lOO  g. 
Clear 
Juice 

Lbs . 

mm 

,y 

!° 

% 

mg. 

mg. 

1 

High  (180) 

100  b/ 

13.6 

93.6 

253 

176 

Medium  ( 120 ) 

102 

i4.o 

93.5 

228 

178 

Low  ( 60 ) 

117 

15.2 

94.6 

166 

160 

2 

High  (120) 

98 

14.6 

92.5 

308 

I69 

Medium  (60) 

101 

15.0 

92.9 

319 

190 

Low  (30) 

108 

15.2 

930 

283 

180 

3 

High  (150) 

106 

14.2 

93.5 

253 

174 

Medium  (90) 

127 

14.8 

94.2 

168 

173 

Low  (30) 

i4i 

15.1 

9k.7 

123 

I87 

4 

High  (180) 

84 

15.2 

93 .5 

293 

133 

Medium  (90) 

102 

15.8 

93.9 

221 

133 

Low  (30) 

109 

16.8 

95.7 

171 

129 

Correlation  with  rot 

(based  on 

individual  plots) 

0.18 

0.56 

-0.68 

-0.28 

a /  Data  on  sugar  content,  CJP,  NHp-N,  and  K  were  supplied  by  F.  W.  Snyder 
b /  Each  figure  represents  an  average  of  three  replications  of  10  roots. 
Based  on  a  combined  analysis  of  variance  for  four  locations,  there 
was  significantly  (p  =  .05  )  less  rot  of  root  sections  from  the  high 
nitrogen  level  than  from  the  medium  and  significantly  less  rot  of  root 
sections  from  the  medium  than  from  the  low  nitrogen  level  0 
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Conclusion 


The  laboratory  method  employed  can  be  used  to  identify  sugarbeet  roots 
that  are  more  resistant  to  the  storage  pathogen  Botr.vtis  cinerea.  The 
advantages  of  this  method  are  that  it  requires  a  minimum  of  time  and 
space,  can  be  accomplished  in  controlled  conditions,  and  does  not  re¬ 
quire  sacrificing  the  roots  testedo 

Evidence  has  been  obtained  that  during  storage  changes  take  place  in 
roots  which  reduce  their  resistance  to  B_.  cinerea.  Additional  evidence 
indicates  that  nitrogen  fertilization  practices  can  influence  the  re¬ 
action  of  roots  to  B.  cinerea. 

Before  a  major  breeding  effort  utilizing  this  method  could  be  justified, 
it  would  be  necessary  to  obtain  information  on  other  questions.  First, 
information  is  needed  on  the  amount  of  losses  in  stored  beets  directly 
attributable  to  storage  pathogens  or  other  microorganisms.  If  micro¬ 
organisms  are  a  significant  factor,  then  it  would  be  important  to  know 
which  ones  were  involved^  and  this  might  vary  with  location  and  season. 
Also,  it  would  be  important  to  know  whether  B_.  c inerea  is  a  suitable 
test  organism  or  whether  selection  would  have  to  be  made  for  each  of 
several  organisms  causing  loss. 
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Transmission  of  Beet  Western  Yellows  Virus 
by  Aphids  Feeding  through  a  Membrane 

JAMES  E.  DUFFUS 

U.S.  Agricultural  Research  Station 
Salinas,  California 
and  A.  H.  GOLD 

Department  of  Plant  Pathology,  University  of 
California,  Berkeley,  California 

Green  peach  aphids,  Myzus  persicae  (Sulzer),  successfully  acquired 
beet  western  yellows  virus  from  a  juice  extract  when  fed  through  an 
artificial  membrane.  Aphids  were  fed  on  crude,  concentrated,  and 
density-gradient  fractions  prepared  from  beet  western  yellows  virus- 
infected  radish  ( Raphanus  sativus  L.).  Groups  of  10  aphids,  trans¬ 
ferred  from  the  membranes  to  healthy  shepherd' s -purse,  Capsella  bursa- 
pastoris  (L.  )  Medic,  seedlings,  transmitted  the  virus  to  2.8 %,  12.1%, 
and  89. 7$  of  the  plants,  respectively.  Infectivity  was  greatly  in¬ 
creased  by  passage  through  a  density  gradient  and  appeared  to  be  asso¬ 
ciated  with  one  fraction  in  the  tubes.  Efforts  to  concentrate  beet 
western  yellows  virus  by  differential  centrifugation  appears  to  be 
promising. 


INTRODUCTION 

An  important  factor  in  developing  purification  methods  for  plant 
viruses  is  the  ability  to  assay  for  infectivity.  A  major  group  of 
important  plant  viruses,  the  persistent  or  circulative  aphid-transmitted 
viruses,  of  which  beet  western  yellows  virus  is  a  member,  are  in  general 
not  mechanically  transmissible.  Two  different  assay  techniques,  membrane 
feeding  and  direct  injection  of  vectors,  have  been  effectively  used  to 
test  infectivity  of  preparations  of  this  type  of  virus.  A  membrane  feed¬ 
ing  technique,  developed  by  Carter  (1928)  and  modified  by  others,  has 
been  successfully  used  with  a  persistent  aphid-transmitted  virus,  barley 
yellow  dwarf  (Rochow,  i960),  and  a  stylet -borne  virus,  alfalfa  mosaic 
virus  (Pirone,  1964). 


The  successful  application  of  the  membrane  feeding  technique  to 
beet  western  yellows  virus  is  reported  in  this  paper. 


MATERIALS  AND  METHODS 


Nonviruliferous  green  peach  aphids,  Myzus  persicae 
reared  on  radish  ( Raphanus  sativus  L. ). 


(Sulzer ) , 


were 


Strains  of  beet 
plants  (Duffus,  1964) 
vulgaris  L. ) . 


western  yellows  vims  obtained  from  various  host 
were  maintained  on  radish  and  sugarbeet  (Beta 
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Feeding  cages  were  made  from  screw  cap  glass  vials,  26  mm  in 
diameter.  The  bottoms  of  the  vials  were  cut  off  and  the  edges  fire 
polished,  leaving  a  capped  tube  approximately  5  cm  long.  The  polished 
end  of  the  vial  was  capped  with  a  thin  membrane  of  Parafilm  (Marathon 
Corporation,  Menasha,  Wisconsin).  Groups  of  40-50  nonviruliferous 
green  peach  aphids  were  placed  in  these  cages.  Approximately  0.1  ml 
of  the  liquid  extract  to  be  tested  was  placed  on  the  membrane  and 
covered  with  another  thin  membrane  of  parafilm.  Cages  with  aphids 
and  liquid  extract  were  then  placed  in  holes  drilled  in  wooden  blocks, 
membrane  side  up,  for  ease  in  handling.  After  a  24-hour  acquisition 
feeding  period  at  20  -26°C  and  under  continuous  light,  the  screw  cap 
was  removed  from  the  vials  and  the  aphids  were  transferred  in  groups 
of  10  to  shepherd' s -purse,.  Capsella  bursa -pastor is  (L.  )  Medic,  seed¬ 
lings.  The  seedlings  were  caged  individually  and  the  aphids  left  for 
a  48-hour  infection  feeding.  Other  aphids  from  each  colony  used  in 
membrane  feeding  experiments  were  put  on  at  least  6  healthy  shepherd' s- 
purse  seedlings  for  72  hours  simultaneously  with  each  membrane  feeding 
test.  In  no  instances,  during  the  course  of  these  studies,  were 
viruliferous  aphids  found  in  the  stock  aphid  colonies. 

Most  extracts  for  feeding  were  prepared  from  radish  plants  infec¬ 
ted  with  various  strains  of  the  beet  western  yellows  virus.  Frozen 
leaf  tissue  was  partially  thawed  and  ground  in  a  food  grinder  with 
(^r^r  Na^HPO^  and  0. 02$  ascorbic  acid.  Crude  extracts  were  clarified 
by  low  speed  centrifugation  ( 10  minutes  at  8,000  rpm,  4221  g)  in  the 
No.  40  rotor  of  a  Spinco  Model  L  ultracentrifuge.  In  some  experiments, 
clarified  juice  was  then  centrifuged  for  2  hours  at  35,000  rpm  (80,801  g). 
Pellets  were  usually  left  overnight  at  4°C  in  0.5  ml  of  0.05  M  phosphate 
buffer,  pH  7.0,  containing  0.01  M  glycine.  Pellets  were  resuspended 
with  a  stirring  rod.  Resuspending  pellets  in  0. 5  ml  of  buffer  repre¬ 
sented  a  33-fold  increase  in  concentration.  These  extracts  are  refer¬ 
red  to  as  33X  concentration. 


In  tests  in  which  a  concentration  greater  than  33X  was  desired 
resuspended  pellets  were  combined,  cleared  at  8,000  rpm  (4221  g)  for 
10  minutes  and  again  pelleted  at  35,000  rpm  (80,801  g)  for  2  hours  and 
resuspended  in  an  appropriate  volume  of  buffer. 


Density-gradient  centrifugation  was  done  in  a  SW-39  rotor  for  2 
hours  at  30,000  rpm  (73,449  g).  Gradient  columns  were  prepared  bv 
layering  0.9  ml  each  of  20,  30,  40,  50,  and  60*  sucrose  dissolved  in 
0.05  M  phosphate  buffer,  pH  7.0,  containing  0.01  M  glycine.  Samples 
were  removed  from  the  gradient  columns  by  means  of  a  J-shaped  hvno- 
dermic  needle  inserted  from  the  top. 


Sucrose  was  added  to  all  feeding 
preparations,  to  make  a  concentration 
placed  on  the  membranes. 


extracts,  except  density-gradient 
of  30$  just  before  they  were 


RESULTS 


Early  attempts  "to  transmit  beet  western  yellows  virus  by  membrane 
feeding  techniques  involved  crude  juice  extracts  or  extracts  clarified 
by  low-speed  centrifugation.  In  18  tests,  8  of  289  plants  (2. 8/0) 
became  infected.  There  was  no  infection  in  most  tests  and  a  maximum 
transmission  of  23#  in  any  1  test.  This  transmission  was  much  lower 
than  the  54#  transmission  obtained  by  Rochow  (i960)  with  the  barley 
yellow  dwarf  virus  and  the  English  grain  aphid,  Macrosiphum  granarium 
(Kirby),  with  similarly  prepared  plant  extracts. 

In  attempting  to  increase  the  transmission  percentages,  efforts 
were  made  to  concentrate  beet  western  yellows  virus  by  ultra centri¬ 
fugation.  In  10  tests  with  virus  concentrations  33  to  333  times 
that  of  crude  extracts,  24  of  198  plants  (12.1#)  became  infected. 

Some  transmission  occurred  in  each  of  6  tests  but  none  in  the  other 
4.  The  maximum  transmission  percentage  in  any  test  was  30 #. 

In  a  preliminary  test  of  density-gradient  centrifugation,  1  ml 
of  clarified  and  1  ml  of  a  preparation  concentrated  33  times  were 
floated  on  density-gradient  tubes  to  determine  whether  this  technique 
would  be  of  value  in  membrane  feeding  and  purification  procedures. 

The  results  (Table  l)  indicate  that  infectivity  of  an  extract  was 
greatly  increased  by  passage  through  a  density-gradient.  Also,  infec¬ 
tivity  apparently  was  associated  with  a  zone  in  the  tubes  between  17 
and  31  ram  from  the  top  of  the  tube.  Apparently  the  high  speed  centri¬ 
fugation  had  concentrated  the  virus,  which  resulted  in  increased  trans¬ 
mission.  In  8  subsequent  tests  using  density-gradient  centrifugation 
with  preparations  of  33X,  245  of  273  plants  (89.7#)  became  infected. 

A  trial  was  run  to  determine  the  combined  effects  of  high  speed 
centrifugation  and  density-gradient  centrifugation  on  suitability  of 
preparations  for  feeding  aphids  through  membranes.  The  results  (Table 
2)  indicate  that  the  virus  had  been  concentrated  by  high  speed  centri¬ 
fugation  and  that  the  transmissibility  by  aphids  was  greatly  increased 
upon  further  purification  by  density-gradient  centrifugation. 

DISCUSSION 

The  application  of  a  membrane  feeding  technique  to  beet  western 
yellows  virus  may  facilitate  further  characterization  of  this  and. 
other  persistent  or  circulative  aphid-transmitted  viruses.  A  similar 
technique  with  barley  yellow  dwarf  virus  (Rochow  and  Brakke,  19°  ) 
has  already  aided  in  purification  of  this  virus. 

It  would  appear  from  the  greatly  improved  transmission  efficiency 
when  the  aphid  feeding  extracts  were  run  through  a  density-gradient 
(12.1#  transmission  as  compared  to  89.7#)  that  substances  that  inhibit 
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aphid  transmission  occurred  in  expressed  radish  juice.  These  sub¬ 
stances,  which  are  apparently  separated  from  the  virus  by  density- 
gradient  centrifugation,  may  be  at  least  a  partial  answer  to  the 
question  raised  by  Rochow  (i960),  as  to  why  attempts  to  transmit 
plant  viruses  by  membrane  feeding  techniques  have  generally  failed. 

The  possibility  exists,  however,  that  aphid  feeding  on  crude  extracts 
and  density-gradient  fractions  is  different  and  may  account  for  the 
marked  differences  in  transmission,  although  if  this  is  so, the  feeding 
differences  are  not  always  obvious. 

The  membrane  feeding  technique  is  being  used  in  attempts  to 
explain  the  apparent  inhibitory  effects  of  expressed  radish  juice 
on  beet  western  yellows  virus  transmission,  to  characterize  the 
virus  further  and  as  an  aid  in  devising  methods  for  its  purification. 
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TABLE  1 

Infect! vi ty  of  Beet  Western  Yellows  Virus  in  Fractions 
Obtained  after  Density-Gradient  Centrifugation. 


Depth  of 
fraction  (mm) 
from  the  top 

Appearance 
of  zones 

Infectivity8 

IX  33X 

Slightly 

0-10 

turbid 

0 

0 

lb 

B 

10-17 

Turbid 

0 

0 

B 

10 

17-25 

Turbid 

3 

8 

16 

9 

25-31 

Clear 

1 

6 

12 

B 

31-35 

Turbid 

0 

0 

10 

B 

35-41 

Clear 

0 

0 

B 

B 

Uncentrifuged 

preparation 

Turbid 

0 

0 

B 

B 

Q 

Numerator  indicates  the  number  of  plants  infected, 
and  the  denominator  the  number  of  plants  inoculated 
by  10  green  peach  aphids  fed  through  a  membrane  on 
each  fraction.  IX  sample  was  sap  cleared  by  low  speed 
centrifugation,  33^  sample  was  cleared  by  low  speed 
centrifugation  and  pelleted  by  ultracentrifugation. 
Pellets  were  resuspended  in  l/33  °f  "the  original  volume. 
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TABLE  2 

Infectivity  of  Beet  Western  Yellows  Virus  Extracts  Before 
and  After  Density-Gradient  Centrifugation. 


Infectivity  of  sample 
Sample  tested  at  indicated  relative 

concentration 


ixb 

330XC 

Preparations  before  density- 

0 

3 

gradient  centrifugation 

20 

20 

Virus  zone  removed  from 
density-gradient  tubea 

7 

119 

¥0 

120 

Numerator  indicates  the  number  of  plants  infected  and  the 
denominator  the  number  of  plants  inoculated  by  10  green 
peach  aphids  fed  through  membranes  on  the  samples. 

IX  sample  was  sap  cleared  by  low  speed  centrifugation. 

c 

330X  sample  was  cleared  by  low  speed  centrifugation  and 
pelleted  by 
in  1/330  of 

irus  zone 


ultracentrifugation.  Pellets  were  resuspended 
the  original  volume. 

obtained  from  17-25  mm  from  the  top  of  the  tube. 
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EFFECT  OF  PHENOL  ON  THE  INHIBITION  OF  CUCUMBER  MOSAIC  VIRUS 

IN  EXTRACTS  FROM  SUGARBEET 

E.  G.  Ruppel 


Preliminary  efforts  to  transmit  cucumber  mosaic  virus  (CMV)  mechanically 
from  infected  to  healthy  sugarbeets  or  to  other  hosts  of  CMV  failed.  In 
all  attempts  only  local  chlorotic  spots  developed  in  the  inoculated 
leaves  of  sugarbeet  -without  systemic  invasion  by  the  virus.  It  has  been 
shown  that  phenol-buffer  extractions  from  CMV-infected  Nicotiana  glutinosa 
L.  or  Cucumis  sativus  L.  yielded  an  inoculum  preparation  that  was  consider¬ 
ably  more  infectious  than  buffer  extractions  alone  (l).  Similar  results 
are  reported  with  CMV-infected  tobacco  leaves  as  the  source  of  CMV  inoc¬ 
ulum  (2,  4).  Francki  (l)  presented  evidence  that  the  phenol  extraction 
procedure  removed  an  inhibitor  of  CMV  in  the  plant  sap.  The  study  re¬ 
ported  herein  was  conducted  to  determine  whether  phenol  extractions  could 
facilitate  the  mechanical  transmission  of  CMT  from  sugarbeet. 

METHODS  AND  MATERIALS 

An  isolate  of  CMV  was  obtained  from  a  diseased  sugarbeet  plant  growing  at 
the  University  of  Arizona  Mesa  Experiment  Station.  The  isolate  was  trans¬ 
mitted  to  healthy  sugarbeet  seedlings  in  the  greenhouse  with  green  peach 
aphids  (Myzus  persicae  (Sulz.)).  A  1-minute  acquisition  feeding  followed 
by  a  1-minute  transmission  feeding  effected  the  transmission. 

The  procedure  for  making  extractions  was  essentially  the  same  as  that  used 
by  Francki  (1).  Buffer  extracts  were  prepared  by  grinding  2  g  of  CMV- 
infected  sugarbeet  leaf  tissue  in  4  ml  of  0.1  M  phosphate  buffer,  pH  7.2, 
with  a  mortar  and  pestle.  The  homogenates  were  strained  through  cheese¬ 
cloth  and  centrifuged  for  5  minutes  at  3000  rpm.  Phenol-buffer  extracts 
were  prepared  by  grinding  2  g  leaf  tissue  in  2  ml  buffer  and  2  ml  water- 
saturated  phenol.  Homogenates  were  strained  and  centrifuged  as  above. 
Buffer  layers  were  withdrawn  with  a  hypodermic  syringe  and  washed  in 
about  10  volumes  of  ether.  In  one  experiment,  buffer  extracts  from  dis¬ 
eased  tissue  were  made  as  above;  these  extracts  were  washed  in  about  10 
volumes  of  ether. 

Inoculations  were  made  to  Carborundum-dusted  leaves  of  Beta  vulgaris  L. 
TS301-Hf  or  Vigna  sinensis  (Torner)  Savi  f Black*  with  inoculum-saturated 
cheesecloth  pads.  Leaves  were  rinsed  with  distilled  water  3-6  minutes 
after  inoculation.  Laboratory  operations  were  performed  at  room  tempera¬ 
ture,  whereas  greenhouse  temperatures  varied  between  18-27°  C.  Supple¬ 
mental  fluorescent  lights  were  kept  on  at  night  in  the  greenhouse. 
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RESULTS 


Transmission  of  CMV  from  Sugarbeet  to  Sugarbeet 

Twenty  2-month-old  sugarbeet  seedlings  were  inoculated  with  a  buffer 
extract  from  CMV- infected  sugarbeet  leaf  tissue.  An  additional  20 
plants  were  inoculated  with  a  phenol-buffer  extract  from  the  same  CMV 
source  plant.  One  of  20  plants  inoculated  with  the  buffer  extract  de¬ 
veloped  local  chlorotic  spots  on  the  inoculated  leaves.  The  virus  did 
not  become  systemic  over  a  period  of  60  days  at  which  time  the  plants 
were  discarded.  All  plants  inoculated  with  the  phenol-buffer  extract 
developed  abundant  local  chlorotic  spots.  Furthermore,  systemic  inva¬ 
sion  by  CMV  was  evident  in  6  of  the  20  plants. 


Transmission  of  CMV  from  Sugarbeet  to  Cowpea 

In  a  second  experiment  cowpea  was  used  as  a  local  lesion  host  for  in- 
fectivity  tests.  Inocula  consisted  of  1)  a  buffer  extract  from  CMV- 
infected  sugarbeet,  2)  a  phehol-buf fer  extract  from  infected  sugarbeet, 
3)  buffer,  and  4)  buffer  that  had  been  mixed  with  water-saturated  phenol 
and  washed  in  ether.  Inocula  1  and  2  were  rubbed  on  the  primary  leaves 
of  six  cowpea  seedlings,  whereas  3  and  4  were  rubbed  on  the  primary 
leaves  of  only  four  seedlings  each. 

Results  were  recorded  4  days  after  inoculation.  No  lesions  were  induced 
by  treatments  1,  3,  or  4.  Treatment  2,  however,  induced  an  average  of 
133  lesions  per  leaf. 


The  Role  of  Ether  in  Phenol-Buffer  Extractions 

It  seemed  conceivable  that  the  ether  washes  of  the  phenol-buffer  homoge¬ 
nates  could  be  responsible  for  the  removal  of  the  inhibitor  to  CMV  in 
sap  extracts.  To  determine  the  role  of  the  ether,  the  infectivity  in 
cowpea  of  a  buffer  extract  washed  with  ether  and  a  phenol-buffer  extract 
washed  with  ether  were  compared.  A  comparison  also  was  made  between 
leaves  inoculated  with  the  phenol-buffer  extract  and  immediately  rinsed, 
and  leaves  inoculated  with  the  same  extract  and  not  rinsed.  Since  phenol 
is  extremely  deleterious  to  plants,  phenol-buffer  extracts  always  had  to 
be  washed  with  ether  to  remove  the  phenol.  A  3  x  3  Latin  square  design 
was  used.  Because  of  the  danger  of  cross  contamination  by  rinsing,  the 
half-leaf  method  was  not  employed. 

Results  indicated  that  the  role  of  ether  in  the  removal  of  the  CMV  inhib¬ 
itor  from  beet  sap  was  relatively  unimportant.  The  ether-washed  buffer 
extract  only  induced  an  average  of  3  local  lesions  per  leaf,  whereas  the 
phenol-buffer  extract  followed  by  rinsing  induced  an  average  of  398 
lesions  per  leaf.  The  leaves  inoculated  with  the  phenol-buffer  extract 
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without  rinsing  developed  an  average  of  404  lesions  per  leaf,  but  the 
difference  between  this  treatment  and  the  treatment  followed’by  a  rinse 
was  not  significant . 


Effect  of  Dilution  on  Infectivity  of  Sugarbeet  Extracts 

Concentrated  sap  extracted  from  CM-infected  sugarbeet  was  diluted  1:10, 
1:100,  1:1000,  and  1:10,000  with  0.1  M  phosphate  buffer,  pH  7.2.  The 
half-leaf  method  was  employed  to  inoculate  primary  leaves  of  cowpea. 

Six  replications  were  used  in  a  complete  randomized  block  design. 

Infectivity  of  all  dilutions  was  extremely  low.  Inoculation  with  the 
1:10  dilution  produced  a  half-leaf  average  of  only  3.7  local  lesions. 
Those  with  the  1:100,  1:1000,  and  1:10,000  produced  averages  of  1.3,  0.8, 
and  2.8  lesions,  respectively.  Differences  in  lesion  numbers  were  not 
significant . 


DISCUSSION 

This  study  did  not  serve  to  determine  the  identity  or  nature  of  the 
inhibitory  effect  against  CM  present  in  sugarbeet  extracts.  But  the 
results  did  indicate  that  such  an  effect  exists  and  can  be  efficiently 
removed  or  reduced  by  extracting  CM  with  phenol. 

The  role  played  by  the  ether  in  the  phenol-buffer  extractions  apparently 
is  unimportant  in  regard  to  the  removal  of  the  inhibitory  action  of  the 
sap.  The  ether  simply  serves  to  remove  the  deleterious  phenol  from  the 
buffer  extract. 

Slightly  more  lesions  were  induced  in  cowpea  when  phenol-buffer  inocula 
were  not  rinsed  from  the  leaves  after  inoculation.  However,  since  severe 
damage  occurred  on  some  leaves  rinsing  is  recommended. 

Dilution  of  buffer  extracts  did  not  remove  the  inhibitory  effect  to  any 
great  extent.  However,  some  lesions  did  develop  in  cowpea  with  the 
highest  dilution  (1:10,000)  producing  almost  as  many  lesions  as  the  1:10 
dilution.  Dilution  apparently  had  more  effect  on  the  inhibit  or  (s)  than 
it  did  on  the  virus. 

Sugarbeet  sap  has  been  reported  to  contain  an  inhibitor  to  beet  mosaic 
virus  (BM)  (5).  However,  the  BM  inhibitor  and  most  inhibitors  from 
higher  plants  (3)  usually  have  little  effect  in  preventing  infection  of 
the  host  species  that  contain  them.  The  CM  inhibitor  in  sugarbeet 
extracts,  however,  prevented  systemic  infection  of  sugarbeet  and  other 
known  hosts. 
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The  development  of  local  chlorotic  infections  without  systemic  spread  of 
CMV  is  not  understood.  Even  when  phenol  extracts  were  used  only  30$ 
systemic  infection  was  obtained,  whereas  100$  of  the  plants  exhibited 
the  chlorotic  spots. 

The  use  of  phenol-buffer  provides  a  more  efficient  medium  than  buffer 
alone  for  extracting  CMV  from  infected  sugarbeet  tissue.  The  method 
should  facilitate  research  studies  with  this  host-virus  combination. 
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PHYSIOLOGICAL  INVESTIGATIONS  -  1965  l/ 
F •  W .  Snyder 


Germination  Studies  2 / 

The  effects  of  ripeness  of  fruits  and  seeds  on  germination  performance 
of  sugarbeet  variety  AI  1  x  AI  2  which  were  included  in  the  I96I4.  re¬ 
port  have  been  confirmed  for  the  variety  GW  823 j  namely,  slower  and  less 
complete  germination  as  fruits  are  harvested  prior  to  maturity. 


Quality  Studies  -  I96U 

More  of  the  data  collected  in  the  cooperative  studies  mentioned  in  the 
19&+  report  follow.  The  correlation  coefficients  (Table  l)  for  1964 
data  are  based  on  more  than  500  samples,  with  the  exception  of  the  betaine 
data  which  are  based  on  about  170  samples.  Although  most  of  the  correla¬ 
tions  are  significant  at  the  1;4  level,  they  are  not  very  good,  particu¬ 
larly  when  the  correlation  coefficients  are  squared  and  examined  as 
the  coefficients  of  determination. 

The  quantity  of  impurities  accounted  for  in  four  tests  (Table  2)  varies 
surprisingly.  Possibly  the  location  or  field  plays  a  role  in  this.  If 
instead  of  reporting  the  data  as  percentages  they  are  expressed  as 
impurity  units  by  multiplying  by  the  factors  suggested  by  Carruthers 
and  Oldfield  3/,  many  of  the  summated  values  for  the  ^alraven  experi¬ 
ment  are  greater  than  the  total  impurities  indicated  by  the  clear  juice 
purity.  A  number  of  the  Woodslee  Plant  spacing  -  Nitrogen  values  also 
were  greater.  This  suggests  that  for  the  Michigan  and  Ontario  beet 
growing  areas,  Carruthers  and  Oldfield  constants  are  too  large,  at 
least  in  certain  areas. 

Quality  Studies  -  19&5 

The  data  from  four  nitrogen  fertilization  experiments  are  similar  to 
those  reported  in  I96I4..  Two  tests  are  listed  in  Table  3»  weather 
conditions  apparently  produced  lower  sugar  content  coupled  with  high 

1 /  Research  conducted  in  cooperation  with  Michigan  Agricultural 
Experiment  Station. 

2/  Samples  of  seed  were  supplied  by  west  Coast  Beet  oeed  Company, 

Western  Seed  Production  Corporation,  and  Farmers  and  Manufacturers 
Beet  Sugar  Association. 

Carruthers,  A.,  and  Oldfield,  J.F.T.,  The,  Tgohnoj ogical  Value  of,  j,he 
Sugar  Beet.  "Methods  for  the  Assessment  of  Beet  Quality,  nlsevie 
Publishing  Company,  New  York,  19^2,  pp*  224  -  24H. 
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clear  juice  purity*  The  impurity  data  (Table  I4.)  are  expressed  as 
Carruthers  and  Oldfield  did  in  order  to  compare  directly  with  the  196!). 
data. 

Sufficient  data  have  been  accumulated  in  Michigan  over  the  past  few 
years  to  indicate  clearly  that  applications  of  nitrogen  in  excess  of 
90  pounds  per  acre  fail  to  give  a  yield  response  and  that  the  recover¬ 
able  sugar  per  ton, as  well  as  per  acre,  are  decreased. 
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Table  1.  Correlation  data  for  I96I+  quality  study  in  eastern 
sugarbeet  area  (Michigan,  Ohio,  Ontario) 


Sum 


Impuri¬ 

ties 

C ,  J  ♦  P .  Amino-N 

Potassium 

Sum 

Amino-N 

Potassium 

Sodium 

Amino-N 

Potassium 

Sodium 

Betaine 

Be taine 

Sugar 

in  beet  -0.69**** 

+0.68* **  -0.65**- 

-0.6i«* 

-0.70#* 

-0.60** 

-O.3I+** 

C.J.P 

-O.85**- 

-0.75** 

-0.89** 

-O.9O#* 

-0.50** 

Amino-N  *  (Moore 

&  Stein) 

+0.65** 

+O.98** 

+O.97** 

+0.61** 

Potassium  " 

+0.81*# 

+0.79*# 

+0 

Sodium  * 

+ 

0 

k 

X 

V 

+0.08 

*  Analyses  on  clear  juice 


Table  2.  Impurities  accounted  for  in  analysis  of  clear  juice  in  196!+ 
quality  study  in  eastern  sugarbeet  area 


Range  Range  in  Percentage  of  Impurity 


Location 

Type 

Experiment 

Appar  • 
Impur . 

Amino-N 
x  9.5 

K 

Na 

Betaine 

Sum  i+ 
impur . 

AppolcT 

Nitrogen 

5717 

18.2 

11+.7 

1.1 

12.3 

50.5 

873  it 

31.6 

16.3 

2.3 

15*4 

60.3 

Wal raven 

Nitrogen 

5737 

37.1+ 

11.5 

0.1+ 

17.6 

73.2 

11375 

1*7 =3 

15.2 

0.7 

25.9 

79.1 

Woodslee,Hf 

Row  width  - 

9&2h 

30.6 

16.1 

1.1+ 

16.0 

64.5 

plant  spacing 

12269 

35o7 

ll. h 

1.8 

18.5 

72.6 

4HC- 

woodslee 

Plant  spacing 

-  I+369 

17.0 

15.8 

0.3 

22.0 

6I+.3 

nitrogen 

lbk$ 

30.7 

19.8 

1.0 

30.1 

69.3 

*  Bay  City,  Michigan 

**  Ontario,  Canada 
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Table  3.  Effect  of  nitrogen  on  yield  and  quality  of  sugar beets  grown 
near  Bay  City,  Michigan.  Variety  ( SL126xl28 )ms  X  SP5822— 0 


EISENMAN 

NITROGEN 

TEST 

Total  N* 

Beets/ 

Wt.#* 

Sugar 

per  Acre 

100  Ft. 

T/A 

i 

30 

88 

21.88 

16.8 

60 

89 

21.18 

15.9 

90 

89 

22.13 

15.8 

120 

89 

21.17 

15.3 

150 

96 

21.66 

i4.4 

180 

88 

22.09 

15.2 

WALRAVEN  NITROGEN  TEST 

Total  N*  Beets/  Wt.*** 

per  Acre  100  Ft.  T/A 

Su^ar 

30 

90 

20.08 

15.1 

60 

9h 

19.52 

ii*.5 

90 

96 

19.55 

lU.8 

120 

101 

19.1*3 

1 6.6 

150 

93 

19.80 

l6.2 

Gross 

Recov. 

i 

Recov. 

CJP 

Sue. /A 

Sug./A 

Recov. 

SU£;/T 

95.6 

7352 

6665 

90.7 

306.6 

94.8 

6735 

6002 

89.I 

283.6 

93.9 

6993 

6117 

87.5 

276.6 

93.8 

6478 

5652 

87.2 

267.O 

92.8 

6238 

5320 

35.3 

265.6 

93.5 

6715 

5819 

86.7 

263.6 

Gross 

Recov. 

% 

Recov. 

CJP 

Sug. /A  Sueo/A 

Recov. 

Sug./T 

9l*.7 

6066 

5389 

88.9 

268.6 

96.1 

5661 

6966 

87.7 

2$k.k 

94.2 

5787 

5087 

87.9 

260.2 

93.0 

5596 

6791 

85.6 

266.6 

93.5 

5623 

6867 

86.6 

265.8 

*  30  lbs.  at  planting  time, 

Corrected  for  10 j0  tare. 


rest  as  side  dress 


Table  4.  Impurity  values*  for  same  two  nitrogen  fertilization  exper 
mental  tests  in  1965  cited  in  Table  3 


Lbs.  N 
per  Acre 

Impurity  val 

ues  for  each  impuritv  bv  lnp.st.inn 

Amino 

nitrogen 

Potassium 

Sodium 

Eisen. 

Wal raven 

Eisen. 

walraven 

Eisen. 

walraven 

30 

I83O 

1310 

1930 

3132 

221 

686 

60 

20^0 

1980 

2118 

3505 

343 

86l 

90 

2350 

1770 

2183 

3043 

417 

756 

120 

323O 

2220 

2i|98 

3373 

480 

1001 

150 

2800 

2680 

2U55 

3165 

683 

784 

*Based  on  averages  of  3  replications  and  calculated  by  method  of 
Carruthers  and  Oldfield.  -Analyses  made  on  clear  juice* 
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PART  XV 


BREEDING  FOR  RESISTANCE  TO  LEAF  SPOT  AND  BLACK  ROOT 


RELATIVE  LEAF  SPOT  DAMAGE  ON  RESISTANT  VARIETIES 


G.  E.  Coe 


The  research  was  supported  in  part  by  funds  provided  through 
the  Beet  Sugar  Development  Foundation  (Project  26). 
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DEVELOPMENT  OF  BREEDING  MATERIAL 
RESISTANT  TO  LEAF  SPOT  AND  BLACK  ROOT 

/ 

G.  E.  Coe 

Research  under  Foundation  Project  26  at  the  Plant  Industry  Station, 
Beltsville ,  Maryland,  is  directed  mainly  toward  varietal  improvement 
in  resistance  to  Cercospora  leaf  spot  and  Aphanomyces  black  root. 

This  program  contributes  to  the  synthesis  of  many  varieties  and  hybrids 
evaluated  in  field  tests  reported  in  Part  XI. 

The  results  reported  in  this  Part  cover  trends  in  the  performance  of 
basic  breeding  material,  leaf  spot  resistance  of  some  new  O-type  and 
MS  lines,  a  discovery  related  to  the  greenhouse  black  root  testing 
program,  and  a  Cercospora  fungicide  spray  test  to  appraise  damage 
resistance . 


Improvement  in  Basic  Breeding  Stocks 


Graphs  1  through  8  show  the  trends  in  disease  resistance  and  agronomic 
characteristics  and  compare  the  performance  of  multigerm  and  monogerm 
breeding  lines  with  the  performance  of  US  401.  US  401  is  given  a 
numerical  value  of  100.  The  average  performance  of  all  the  breeding 
lines  is  compared  with  the  performance  of  US  401.  Thus,  ratings  above 
100  indicate  that  the  lines  performed  better  than  US  401,  and  those 
below  100  indicate  that  they  did  not  perform  as  well.  In  percentage 
nonsugar  solutes,  ratings  above  100  indicate  better  performance;  hence, 
a  lower  percentage  of  nonsugar  solutes. 


Compared  with  1964,  Graphs  1  and  2  indicate  an  apparent  decline  in 
the  degree  of  leaf  spot  tolerance  of  the  breeding  lines.  This  should 
not  be  interpreted  as  a  decline  in  the  inherent  resistance  of  the 
lines.  It  can  be  explained  by  the  year-to-year  variation  in  the 
relative  performance  of  US  401,  attributable  to  the  degree  of  severity 
of  the  leaf  spot  epidemic.  The  long-term  trend  of  the  graphs  indicate 
improvement  in  leaf  spot  tolerance  of  2  or  3  percentage  points  each 
year . 


Graphs  1  and  2  also  depict  the  trends  in  tolerance  to  the  black  root 
organism,  Aphanomyces  cochl ioides  Drechs.  However,  there  is  reason 
to  believe  that  these  trends  to  not  reflect  all  the  heritable  improve 
ment .  The  relative  performance  of  tolerant  varieties  of  sugarbeet  i 
better  when  black  root  is  not  too  severe.  Because  of  increase 
root  resistance  of  the  breeding  lines,  it  has  been  necessary  o  in 
the  dosage  of  inoculum  every  2  or  3  years.  This  changes  t  e  as®  , . 
comparison,  and  the  increase  in  tolerance  to  black  root  appea 
than  if  the  disease  severity  had  not  been  increased. 
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The  black  root  resistance  of  progenies  of  plants  selected  from  black  root 
tests  conducted  in  the  greenhouse  is  particularly  encouraging.  Progenies 
of  multigerm  plants  selected  for  black  root  tolerance  had  an  average  per¬ 
formance  rating  of  123  as  compared  with  a  performance  rating  of  110  for 
progenies  of  field  selected  plants.  The  performance  rating  of  progenies 
of  monogerm  plants  selected  from  the  black  root  test  was  117,  whereas 
the  performance  ratings  for  the  progenies  of  field  selected  monogerm 
plants  was  106. 

In  comparison  with  US  401,  the  root  yield  of  both  the  monogerm  and  the 
multigerm  breeding  stock  appeared  to  be  relatively  lower  at  Beltsville 
in  1965  than  in  1964  (Graphs  3  and  4).  The  root  yields  are  still  con¬ 
siderably  higher  than  that  of  US  401,  but  the  increased  yield  at  Belts¬ 
ville  undoubtedly  is  related  to  better  disease  resistance  and  does  not 
indicate  inherent  yield  potential.  Tests  at  other  locations  indicate 
no  increase  in  yield  over  the  standard  check  variety.  Beltsville  selec¬ 
tions  for  greater  yield  probably  have  been  neutralized  by  intense  selec¬ 
tion  pressure  for  other  desired  characteristics. 

Graphs  5  and  6  indicate  only  slight  improvement  in  sugar  percentage  in 
basic  breeding  stocks.  High  sugar  selections  at  Beltsville  are  restricted 
by  the  requirement  that  there  must  be  no  apparent  sacrifice  in  root  yield. 
Sugar  percentages  higher  than  that  for  US  401  at  Beltsville  are  associated 
with  better  resistance  to  leaf  spot.  Efforts  to  improve  sugar  percentage 
of  monogerm  sorts  appear  only  to  have  prevented  a  decline  in  inherent 
sugar  percentage, as  selection  pressure  was  being  applied  to  improve  other 
character is t ics . 


Graphs  7  and  8  depict  the  trend  in  the  performance  of  breeding  lines 
in  content  of  nonsugar  solutes.  For  4  years,  the  multigerm  breeding 
stocks  have  had  less  of  these  undesirable  solutes  than  US  401,  but 
improvement  in  this  characteristic  progresses  at  a  slow  pace.  Improve¬ 
ment  of  this  characteristic  in  the  monogerm  breeding  stocks  has  been 
more  rapid,  but  probably  only  because  they  contained  appreciably  more 
nonsugar  solutes  when  selection  and  crossing  to  improve  this  character¬ 
istic  were  initiated. 
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Graph  1.  Disease  resistance  pert'orrnance  of  multigerm  breeding  lines. 


Performance  level  of  U.S*  401  -  Perior.aence  le  el  ot  U*S*  401 


401 


Greph  3*  Root  yield  of  multigarra  brooding  lines . 


Graph  4.  Root  yield  of  aonoger  u  breeding  linee. 
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Graph  6.  Sugar  percentage  perforaance  of  aonogera  breeding  line*. 
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100  -  Performance  level  of  US  Uoi  100  =  Performance  level  of  US  401 

Less  nonaugar  eolutee  <t - -  More  nonfiugar  solute*  Less  nonsugar  solutes  < -  - >  More  nonsugar  solute* 
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Leaf  Spot  Tolerance  of  New  0-Type  Lines 


Several  new,  apparently  0-type,  lines  were  found  in  1965.  To  test  their 
tolerance  to  Cercospora  leaf  spot,  they  were  started  in  the  greenhouse 
and  transplanted  to  the  nursery.  Leaf  spot  readings  are  presented  in 
Table  1. 


Table  1.— Leaf  Spot  Readings  of  New  0-Type  and  Male-Sterile  Companion 
Lines  in  the  1965  Leaf  Spot  Nursery,  Beltsville,  Md. 


Seed 

Pollen 

Male 

Leaf  spot!/ 

number 

fertile 

sterile 

Seed  type 

reading 

SP  6440. 

X 

Segregating  F2  progeny 

3 . 5 

SP  6440-1 

X 

»t  tt 

4.0 

SP  6442 . 

X 

M  f2 

3.5 

SP  6442-1 

X 

tt  ft 

4.0 

SP  6443. 

X 

"  f2 

3.0 

SP  6468-01 

X 

tt  Tt  Tt 

4.0 

SP  6468-1 

X 

tt  Tt 

3.0 

SP  6464-01 

X 

monogerm 

4.0 

SP  643301. 

X 

tt 

3.0 

SP  643301-1 

X 

tt 

3.5 

SP  643448. 

X 

tt 

2.5 

SP  643448-2 

X 

tt 

2.0 

SP  643450. 

X 

tt 

5.0 

SP  643450-1 

X 

tt 

5.0 

SP  643453. 

X 

tt 

6.0 

SP  643454. 

X 

tt 

5.0 

SP  643454-1 

X 

tt 

4.5 

SP  643456. 

X 

tT 

4.0 

SP  643456-1 

X 

tt 

4.0 

SP  643465. 

X 

TT 

2.0 

SP  643465-1 

X 

Tt 

4.0 

SP  643474. 

X 

tt 

5.0 

SP  643474-1 

X 

tt 

4.0 

SP  6423-0 

X 

tt 

4.0 

SP  65209-0 

X 

tt 

3 . 5 

Check  Varieties  (Not 

O-Type) 

US  401 

X 

multigerm 

4.0 

o  R 

SP  6322-0 

X 

Susceptible 

6  0 

check 

X 

y  0  =  No  leaf  spot;  10  =  All  leaves  dead. 


It  is  encouraging  that  two  among  the  new  0-type  monogerm  lines  ( 

and  SP  643465  )  have  leaf  spot  tolerance  equal  to  that  of  SP  6 322-0  and^ 

that  only  four  are  as  susceptible  as  US  401.  eve  originating  at 

higher  than  that  previously  attained  in  monogerm  -  ypes  ^  inbred  sorts 
Beltsville.  The  vigor  of  these  lines  appears  o  g 
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Zoospore  Production  for  Greenhouse  Black  Root  Tests 


To  produce  inoculum  for  greenhouse  black  root  tests,  mycelial  mats  of 
Aphanomyces  cochlioides  are  grown  in  .3%  soytone  broth  under  sterile 
conditions.  Zoospores  are  produced  from  these  mats  by  washing  them  in 
sterile  water  and  transferring  them  to  sterile  water  in  Fernbach  flasks. 
One  and  one-half  ml  of  10%  Nacl  solution  and  a  small  quantity  of  a  buffer 
ing  salt  (pH  6.8)  are  added  to  each  flask  to  increase  zoospore  production 
Within  12  hours,  zoospores  are  produced  in  abundance.  It  is  difficult 
to  maintain  sterile  conditions  after  the  mycelial  mats  are  removed  from 
the  .3%  soytone  broth.  Indeed,  sterile  conditions  for  this  portion  of 
the  procedure  were  thought  unnecessary  and  were  not  attempted.  After 
using  the  Fernbach  flasks  5  or  6  times,  it  had  been  noticed  that  zoospore 
production  began  to  decrease.  This  was  attributed  formerly  to  the  accu¬ 
mulation  of  "staling"  products  on  the  sides  of  the  flask,  and  a  good  wash 
ing  with  soap  and  water  seemed  to  restore  zoospore  production.  Recently, 
however,  washing  the  flasks  has  not  appeared  to  help.  It  was  then  dis¬ 
covered  that  bacteria  were  attacking  the  zoospores,  causing  them  to  lyse. 
The  bacteria  were  attacking  the  mycelial  mats  also.  To  remedy  the  situ¬ 
ation,  the  Fernbach  flasks  and  all  the  utensils  used  in  handling  the 
mats  were  autoclaved.  Although  aseptic  conditions  are  not  completely 
maintained  after  removal  of  the  mycelial  mats  from  the  soytone  broth 
culture,  very  few  bacteria  are  present  when  zoospore  production  begins. 
The  results  has  been  a  threefold  increase  in  number  of  zoospores  avail¬ 
able  for  inoculations. 

The  thought  has  occurred  that  it  might  be  possible  to  control  Aphanomyces 
cochlioides  by  introducing  this  particular  zoospore  lysing  bacteria  into 
the  soil  along  with  sugarbeet  seed.  This  idea  has  not  been  tested  expert 
mentally. 


Spray  Test  for  the  Control  of  Cercospora  Leaf  Spot 

A  spraying  experiment  to  control  Cercospora  leaf  spot  was  conducted  in 
1965  to  determine  the  production  loss  caused  by  leaf  spot  in  our  commer¬ 
cial  type  multigerm  leaf  spot  resistant  variety,  SP  6322-0,  and  how  this 
loss  compared  with  losses  in  US  401  and  the  susceptible  check  variety, 

SP  633269-0.  A  randomized  block  split -plot  design  with  six  replications 
was  used.  Each  replication  in  both  halves  of  the  split-plot  was  surround 
ed  by  a  border  of  SP  6322-0  to  minimize  the  effect  of  drifting  inoculum 
and  spray.  Plants  in  half  of  the  split-plots  received  11  mist  spray  appl 
cations  of  copper  oxychloride  at  the  rate  of  3/4  pound  per  acre  to  control 
the  disease.  When  it  rained,  the  fungicide  was  applied  the  next  day. 
Otherwise,  it  was  applied  at  weekly  intervals.  Plants  in  the  other  half 
of  the  split-plots  were  inoculated  with  Cercospora  beticola  and  were  not 
sprayed  with  the  fungicide.  Leaf  spot  evaluations  were  made  on  July  23, 
July  30,  August  6,  August  12,  and  September  4.  The  two  center  rows  of 
sugarbeets  in  each  replication  of  each  variety  were  harvested  October  6 
weighed,  and  analyzed  for  percent  sucrose  and  percent  total  solids  in 
the  raw  juice. 
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The  fungicide  spray  treatment  only  partially  controlled  leaf  spot  If  > 
had  been  completely  controlled,  the  results  undoubtedly  would  have  been' 
of  even  higher  significance.  Leaf  spot  ratings  were  made  on  a  scale  of 
0  to  10  (0  being  no  spots  on  any  of  the  leaves;  and  10,  all  leaves  dead 
from  leaf  spot)  .  The  average  leaf  spot  ratings  of  the  sugarbeets  in  all 
six  replications  are  presented  in  Table  2. 


Table  2. --Average  leaf  spot  readings  of  three  sugarbeet  varieties  in 
1965  spray  test.  Plant  Industry  Station,  Beltsville,  Md. 


• 

Average  Leaf  Spot  Readings 

Variety 

Treatment  : 

July  23 

July  30 

Aug.  6 

Aug.  12 

Sept .  4 

SP  633269-0 

No  spray 

4.50 

4.83 

5.08 

5.17 

6.33 

Sprayed 

1.42 

2.00 

2.83 

2,92 

5.00 

Difference 

3.08 

2.83 

2.25 

2.25 

1.33 

US  401 

No  spray 

3.08 

3.83 

4.08 

4.08 

4.50 

Sprayed 

1.00 

1.83 

1.92, 

2.17 

3.75 

Difference 

2.08 

2.00 

2.16 

1.91 

0.75 

SP  6322-0 

No  spray 

2.08 

2.25 

3.00 

3.00 

3.42 

Sprayed 

0.42 

1.25 

1.25 

1.42 

2.67 

Difference 

1.66 

1.00 

1.75 

1.58 

0.75 

LSD: 

For  Varieties 

(5%  level) 

.23 

.22 

.28 

.26 

.31 

(1%  level) 

.31 

.30 

.37 

.35 

.42 

Treatments 

(5%  level) 

.33 

.39 

.26 

.29 

.38 

( 1%  level) 

.51 

.62 

.41 

.46 

.59 

V  X  T 

(5%  level) 

.46 

.44 

NS 

.52 

( 1%  level) 

.61 

.59 

NS 

NS 

The  varieties  had  highly  significant  differences  in  the  amount  of  leaf  spot 
present.  The  plants  in  plots  sprayed  with  fungicide  had  less  leaf  spot 
than  those  in  unsprayed  plots.  This  also  was  highly  significant.  The  mag¬ 
nitude  of  the  difference  in  leaf  spot  ratings  between  plants  in  plots 
sprayed  with  fungicide  and  those  in  unsprayed  plots  was  greatest  for 
SP  633269-0  and  least  for  SP  6322-0.  This  difference  in  magnitude  was 
highly  significant  for  the  leaf  spot  evaluations  made  July  23  and  July 
It  was  significant  at  the  5%  level  for  those  made  on  August  12  but 
the  level  of  significance  for  those  made  on  August  6  and  September 
decrease  in  significance  in  the  later  readings  is  related  to  the  progres 
ive  decline  in  magnitude  of  the  differences  in  readings  between  t  e  p 
in  the  plots  sprayed  with  fungicide  and  those  in  unsprayed  plots. 
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When  all  the  leaf  spot  evaluation  data  are  considered,  it  is  reasonable 
to  state  that  fungicide  spraying  does  not  protect  and  improve  more  toler¬ 
ant  varieties  as  much  as  it  protects  and  improves  those  that  are  less 
tolerant.  This  statement  should  not  be  confused  with  the  amount  of  leaf 
spot  present  on  plants  in  sprayed  plots  of  more  tolerant  varieties  as 
compared  to  plants  in  sprayed  plots  of  less  tolerant  varieties.  Sprayed 
plants  of  tolerant  varieties  have  appreciably  less  leaf  spot  than  those  of 
more  susceptible  varieties.  It  merely  means  that  when  a  variety  with  suffi¬ 
cient  leaf  spot  resistance  is  available,  it  will  not  be  economically  fea¬ 
sible  to  spray  for  leaf  spot  control.  Some  of  the  new  experimental  varieties 
and  hybrids  have  this  degree  of  tolerance  for  the  moderately  severe  epidemics 
that  ordinarily  occur  in  the  Great  Lakes  area.  However,  they  need  extensive 
field  testing  to  determine  if  they  are  as  productive  as  some  of  the  less 
tolerant  hybrids  where  leaf  spot  is  absent  or  mild.  Harvest  data  for  the 
spraying  test  are  presented  in  Table  3. 

Table  3. --Harvest  data  of  1965  sugarbeet  field  test  conducted  under 
conditions  of  severe  leaf  spot  exposure.  Beltsville,  Md. 

(Data  are  averages  of  six  replications.) 


Variety 

Treatment 

Acre  Yield 

Raw 

Juice 

Gross 

sugar 

Roots 

Sucrose 

Apparent 

purity 

Nonsugar 

solutes 

lbs  . 

tons 

~x~ 

% - 

SP  633269-0 

Sprayed 

4033 

17.86 

11.29 

75.25 

3.57 

No  spray 

2395 

12.63 

9.48 

72.59 

3.70 

Difference 

1638 

5.23 

1.81 

2.66 

-.13 

US  401 

Sprayed 

6015 

24.39 

12.33 

78.28 

3.50 

No  spray 

4030 

18.57 

10.85 

75.60 

3.43 

Difference 

1985 

5.82 

1.48 

2.68 

+  .07 

SP  6322-0 

Sprayed 

6620 

25.21 

13.13 

80.18 

3.27 

No  spray 

5444 

21.67 

12.56 

79.36 

3.25 

Difference 

1176 

3.54 

.57 

.82 

+  .02 

LSD: 

Var iet ies 

(5%  level) 

277 

1.27 

.39 

1.21 

.  17 

( 1%  level) 

375 

1.73 

.53 

1.63 

.23 

Treatments 

(5%  level) 

515 

2.36 

.  17 

1.31 

NS 

( 1%  level) 

809 

3.71 

.27 

2.06 

V  X  T 

(5%  level) 

509 

NS 

.78 

NS 

NS 

(1%  level) 

690 

1.05 

One  can  examine  the  harvest  data  and  determine:  a)  the  effect  of  the 
treatments,  b)  the  differences  among  varieties  within  treatments,  and 
c)  the  variety-treatment  interaction. 
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a)  The  effect  of  the  treatments . --There  were  highly  significant  differ¬ 
ences  between  the  sprayed  and  unsprayed  sugarbeets  in  percent  sucrose  and 
in  gross  sugar  per  acre.  There  were  significant  differences  between 
sugarbeets  from  the  two  treatments  in  root  yield.  These  differences  were 
significant  at  the  1%  level  in  the  susceptible  check  and  US  401  but  only 
at  the  2%  level  for  SP  6322-0.  There  was  a  highly  significant  difference 
in  raw  juice  apparent  purity  between  sprayed  and  unsprayed  sugarbeets  for 
the  susceptible  check  and  US  401,  which  was  caused  by  the  large  differ¬ 
ence  in  percent  sucrose.  There  was  no  significant  difference  in  raw 
juice  apparent  purity  of  sugarbeets  of  SP  6322-0  from  the  two  treatments. 

b)  Differences  between  varieties  within  treatments. — There  were  highly 
significant  differences  between  varieties  in  percent  sucrose,  gross  sugar 
per  acre,  and  percent  raw  juice  apparent  purity.  Except  for  the  sprayed 
sugarbeets  of  US  401  and  SP  6322-0,  there  were  also  highly  significant 
differences  between  varieties  in  root  yield.  SP  6322-0  contained  sig¬ 
nificantly  less  nonsugar  solutes  in  the  raw  juice  than  did  the  two  other 
varieties.  This  is  the  result  of  having  specifically  selected  for  this 
characteristic  during  the  genesis  of  SP  6322-0. 

c)  Variety  X  Treatment  interact ion . --The  difference  between  the  sprayed 
and  unsprayed  sugarbeets  of  SP  6322-0  in  percent  sucrose  was  significantly 
less  than  the  difference  between  sprayed  and  unsprayed  sugarbeets  of  each 
of  the  other  two  varieties.  US  401  and  SP  633269-0  did  not  differ  sig¬ 
nificantly  from  each  other  in  this  respect.  The  amount  of  difference 
between  sprayed  and  unsprayed  sugarbeets  of  SP  6322-0  in  gross  sugar 
production  was  significantly  less  (at  the  1%  level)  than  the  difference 
between  sprayed  and  unsprayed  sugarbeets  of  each  of  the  other  two  vari¬ 
eties.  This  difference  for  SP  633269-0  was  less  than  that  for  US  401, 
which  is  the  reverse  of  what  was  expected  according  to  their  relative 
degrees  of  leaf  spot  tolerance.  There  were  probably  several  factors 
contributing  to  this  result.  The  sprayed  plants  of  SP  633269-0  did 

not  yield  as  much  as  they  should  have,  because  leaf  spot  was  severe 
enough  to  cause  appreciable  losses.  SP  633269-0  has  never  produced 
well  at  Be ltsvi lie ,  because  it  has  little  or  no  resistance  to  root 
rotting  diseases.  Hence,  the  full  potential  of  SP  633269-0  cannot 
be  realized  at  Beltsville. 

Considering  all  the  harvest  data  from  this  spray  test,  it  can  be  stated 
that  leaf  spot  causes  a  smaller  production  loss  in  the  tolerant  variety, 

SP  6322-0,  than  in  the  more  susceptible  varieties.  The  amount  of  loss 
is  related  to  the  degree  of  leaf  spot  tolerance  of  the  variety. 
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